Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



anatjfr. 



' T 



o 




HINTS 



ON 



ARBORICULTURE 



IX THE 



«•-•.. 



INTENDED FOR THE USE Oi^' 



DISTRICT A.m 



FORES.: 

• • • 

mg, cutting^ ;- 



1 rn 

r 



OFFICERS; 






EERTHOLD EIP^ENTEOP, 



deputy Conservator of Forests, 



IN CHARGE OF PLANTATION DIVISION. 







If -^ 



\ 






LAHORE: 

PRINTED AT THE CENTKAL JAIL PRESS. 

18 73. 






\C\ ^ 



,11. 



-. > 



tj. Muhotif Vttna*/t'ft^ Jail i'l'ess. 

/ 



r 



INDEX. 

Introduction. ^^^ 

chapter l 

Abtificial Cultivation 2 

Necessity of artificial cultivation iJ. 

Advisability of artificial cultivation iJ. 

Work preparatory to artificial cultivation ib^ 

Artificial cultivation in the Pan jab 3 

jL^raina^e ••• ••• ••• •«• ««• ••• ••« ••• ««. 4 

Preparation of soil ... ... ... ... ... ... ... .«. 5 

Covering of the ground c. ,. 6 

-ounace sou *■( ... ..« •*. ... ... ... ... a,. ^y 

Juower soil ... ••• ... ... ... .«. ... •*• ... %vm 

Preparation of the entire area 9 

preparation of a portion of the area ... ... 10 

1. Ridge cultivation ... .,. ... ... ... ... «,^ ib^ 

2. Trench cultivation ib^ 

3. Cultivation in strips 11 

Rules for the cultivation of strips 12 

4. Cultivation of plots .,. 13 

5. Cultivation of small 6eed« plots and holes ... ib^ 

6. Cultivation of scooped-out hollow places 14 

Preparation of artificial manure Ift 

Collection and preservation of seed 1& 

General remarks on sowing, planting, cutting, grafting and budding ... 18 

Way of sowing 19 

Covering of seeds , ... ib^ 

Amount of seed ., ,. 20 

Execution of .sowing ... ... 21 

Period of sowing 22 

Spring sowing ., .». ib^ 

Autumn soaring ib^ 

xvain oO^^Ang ... .«. ..* ... ... ... ... ... ^«s 

x^iauviiig ... ... ... ... ... ... ... ... ... iv. 

The healthy plant ... ... ... ... ... ... .;. ... ib^ 

The Nursery plant ... 24 

The Natur^ plant ... ... i^. 

Age and size of plants 25. 

Other pointa to be regarded in transplanting ^, ib^ 

The taking out of 'plants ib. 

Transport of plants ... ... ... 28 

Protection of plants before planting 29 

Jl lauv noies .«• ... .... ... ... ... ... ... ... ' iv* 

Pruning of planta ... 30 

j ''AN "iNI-i- ... ... ... *:* ... .*• .*. .... ... .«.. O M, 

Planting with earth ... ... ... ... ... ... ... ib. 

Planting without earth 32 

Depth of planting ... 33 

Further protection of plants ... ., ... 34 

Support and fencing ... ... ... «, ib. 

Planting of small seedlings ... ... ib^ 

Adding humus ••• >•• ••• ••• ••• ••• ••• ••• 35 

Planting of several plants in the same hole ... ,,. ib. 

Planting with artificial manure ,, ... ... 36 

Distance and form of planting ib. 

Form of planting ..^ .... ... ... ... ••• .•• 38 

Line planting ... ... ... ... ... ... ... ... 40 

Artificial rearing of planting material •*• 41 

Sowing Nurseries 42 

Position and soil of Nursery ... 43 

Size of Nurseries .m **• 

Preparation of soil ... ..« ,.... ,^^ 44 



^l INDEX. 

Pagre, 

Ov'WJEaSvi^ <■» ••( ••• •»« «•• c^( **i '^ *** *■*. 40 

Condition of soiT ... ... ... ... ..i ... ,^ ... ib» 

Time of so'wiiig' ... r,, ..-. ... ...' ... ... «•• ib. 

Manner of sowing ... .., ... ... ... ... ..* ;,, fb. 

Future treatment of seed beds ... ... 47 

Removal of seedlings ; 48 

Protection of young plants 4^ 

Change of nurseries ... ... ... ... ..; ... ..* ib, 

PiiANTIKG NUBSEBIES ... .1 »- ib,. 

Soil and position of nursery^ ... » t^.r 

Size of nurseries ... ... ... ... ... ... ... ... 60 

Preparation of nurseries 6t 

Planting under protection -^ <»■ ib. 

Planting of nurseries ib^ 

Second transplanting ,', 62 

Pruning of roots and branches ... ib,. 

Cutting down of plants ... ... ••• ... ... ... ... 63 

Protection of the roots and watering ... 64 

Clearing of nurseries .^ ... ... ... ... ib. 

Training (^ plants ... ... ... ..'. ... ..: ... ... ibr 

•K^ian ving out ..• ... ... ... ... ... ... ... ... oo 

Reproduction by means -of cuttings 66 

Reproduction by means of lajrers ' 57 

Beproduction by means of grafting- and budding • ..< ... 68 

^'^ X^MJXM \3r «•• ••• ••• ••■ • •'• • • t • • • • •« ••• ••• ••• Ov^ 

^^•"AUXLTivr ••# ••• ••• •»• ••# ••» «»• ••• ••• vtr Dt>^ 

Systematic plan br cultivation ..^ 6fr 

Cost of cultiyation^ ... ..^. ... ... ... ..^ ... 6Z 



CHAPTER II. 



Natural Reproduction _..»,.. ... ... 73D- 

Definition of the term " Natural Reproduction" ... ib,. 

Instances when natural reproduction is advisable. ib,. 

Instances when natural reproduction is impossible ... .-*. .>. ... ib- 

Management of naturally reproduced forests ... ^r^ t^.. 

High Forest Treatment ... » ..« ... 74 

Pieparatoiy cutting ... ... » ... .... ib. 

Further use of preparatory cutting ... .^ ... 75^ 

Rules for. preparatory cutting ,^ ib: 

General RULE& FOB cutting to pbomote the germination of seed ...^ 76' 

L Direction of cutting .^. ,. * .... ib, 

II.. Amx)unt of . cutting 77 

III. Manner of cutting « , ... 78 

Cutting to strengthen the plants 79» 

Clear-cutting ... ... .,. ... 80 

Necessary precautions to be observed during cuttings for stoengthening 

the plants,.and during dear-cuttings ... .^ ... .,«^ 80' 

Young growth « .r> ... ... ib. 

Treatment of the area after clear-cutting ... ... ..,. .,, „^ 81 

JSiZClUSlOu. ... ... ... ... .'■• ■«. ..> ... ...■ fv. 

Treatment of incomplete and irregular forests » ib. 

Cutting for germination, of seed ..« „, ... 82 

Cuttings to strengthea the growth ... 83' 

Clear-cutting ... ... ... ... ,£, ..« ... •.« «... ib,. 

Mixed Forests UNDEB. High. Forest Treatment ... ib. 

Rules for treatment ... ... ... ... ... ... %... 85'- 

DianciarcL trees ... ... ... .... ... ... ... ...• tff. 

Cutting BY SELECTION ib. 

Description of cutting by selection ib. 

The disadvantages of cutting by selection ... 86 

. . Necessity of regulmty in, and changing of» cutting by selection *.. 87 



INDEX, ^^^ 

Page 



•• • 

« • • 



Coppice Fobests 
Definition 
Rales for coppice foreata 

COPPICK UNDEB 8TANDABD 

Description #•• 

General condition 
Purpose of this treatment ... 

Influence of standard trees on coppice 
Selection of standard trees 
Length of rotation .*• 

Number of standard trees per acre 
Rules for reproduction 



••• •««'' *•• 

• •• ••• »9 * 

*.k ••• *•• 

.•• ••• ••« 



*• * 


• ■ • 


«-» . 


88 


*• . 


• r « 


... 


ib. 


«•• 


• • • 


« • • 


90 


*•• 


• • • 


« &• 


ib. 


• • * 


• ♦• 


r«» 


ib. 


• •* 


• • • 


• • * 


91 


••• 


• • • 


«• • 


ib. 


» 






ih. 


• • • 


• •• 


• •« 


• • • 


• • t 


«»•■ 


93 


• • • 


<• • 


• r-» 


94 

tb. 


«M>. 


«• • 


• t • 


• •• 


r«* 


»•• 


95 



CHAPTER in. 



TftEATMBKT OF Fobests AND SINGLE TBEl^S ^ .r 96' 

Definition ... *•• ••• ... ••• «•« ••• .•*«- \v% 
Promotion of the growth of young forests by establishing a dose " growth/* 

otherwise called stopping •• ,w ib. 

Beneficial effect of undergrowth on old f|;>rest8 ^ .>. 97 

Protection of single trees against the drying up of the soil ... .., 98 

Protection against the rays of the sun ... ^ r.. .,• 101 

Protection against accidents ... ..^ ... ... ih, 

Xhinning ... -.^t «••• ...^ •*• »«« ... •*. 1U<S 

Definition of the term thinning .... .... ... ... ... ... 104 

Qeneral rules «.* ...• ..•- ..-. ..« ... ... ... xb» 

Pruning and lopping ... *4i ... .J-.^ .^«. ... 107 

Lopping in forests ^,* ... ... ... ... .or ^ .-•. •.. 108 

Lopping of iing;ie trees ... ... ... '^-^^. ... «.'. ... 109 

LOPPINO .•» ••• ♦•• 'v ..." .. «• .^^^ *. ^ ... ... 1 lU 

General rules to be observed ;.'. ...«, t^. 

Choice of branches to be lopped ., ... Ill 

Season for lopping ... .«. ... ,^ ,,. ,.« ... 118 

Removal of new shoots called water-shoots f ib. 

Frequency of lopping ... .^^^^ ^^im (, .^ 1.19 

Formation of a new top of a tree ^''r:\ ... '.., ,. „ 122 



CHAPTER . IV. ^ 

€VLTIVATlON, RlEPBODtrCTIOir AND TBEATMENT Oyi*Alf,FAB TBEES 

Dalbergia Sissti ... ... ... Z.. ... ... 

Gener^ habits of the Sisbd ad regards soil 

Artificial cultivation of Sissd .... ... 

Cultivation of sowing nurseries ... «... ... 

Transplanting ... ... ...- .... ... .... ..,, 

Natural reproduction ... ^ 

Intermixing other species of trees 

Further treatment of Sissd forests « .v« ... 

AvueiOf A'fabtcit ... ... ... ... ... ... ... ... 

\yUitivation .«• ... ... ... ... ..rf •«• 

Sowing in nurseries 

Transplanting ..» ^, ... ... .^ ... ... 

Natural reproduction *'. 

Further treatment of the Eikar 

Acacia fildta, safed SirU 

Cultivation 

Planting- 
Cutting 
Acacia Speciosa^ Siris 

Treatment 
Acacia Stlj9ulata^ Ohi 



••. 



.'.. 



«•• •*• »«'• «•• .■• *•« 



• • •' 


«■•■ 


123 


... 


... 


124 


... 


... 


ib. 


.. .• 


... 


1.32 


... 


... 


137 


... 


... 


138 


... 


... 


140 


.. * 


... 


141 


.. ■ 


.. . 


142 


... 


.. * 


143 


. . . 


t»* 


ib\ 


...' 


... 


147 


.. . 


... 


ib. 


... 


... 


148 


... 


... 


149 


... 


... 


ih. 


. . . 


«» * 


150 


• • . 


... 


t*. 


... 


... 


151' 


... 


... 


ib. 


. 1 . 


... 


162 


• *• 


• •• 


ib. 



AUBORICULTURE. 



CreatioHf reproduction and treatment of Forests, 

The creation or reproduction of a forest, by 
means of sowing or planting, is called artijicial 
cultivation. 



The fqrest may depend for its reproduction on Creation, ropro- 

.■I Till 1 1 ii .,diu»tion and treat- 

the seed shed by mature trees, or on the power ot „,eiit of Foreeu. 
coppicing from the stool of utilized trees. This is 
called natural reproduction. 

The fostering and guidance of the growth of 
trees by means of thinning, pruning, &c. &c., is 
termed treatment of Forests, 

For literature on this subject, see '' Browne's 
Forester." 
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first point to be considered in a system of irrigation is 
the equal fall in the channels, so as to prevent silting 
up of water-courses and destruction of embankments- 

With Us, the aliiouht of* fall depends mostly on 
the fall in the canal and the height of the weirs 
fi'om which We receive the water. Wherever we have 
had to resort to artificial watering, it was fouftd 
advisable to procure the highest possible average 
fall, but it would not be judicious to have a fall of 
more than 1 to 1^ feet in a 100 feet* The ditches 
should have the same cross cut; and to secure this^r a 
so-called profile pattern should be made of light wood 
to serve as a guidance to the workmen employed in 
digging the ditches. It will, at the same time, 
facilitate the measuring up of the work. The 
excavated earth from the larger ditches is to 
be divided on both sides of the water-courses, 
and the soil out of the trenches is to be formed 
into a ridge on the sunny side of the trench. 
The water will reach by the capillary action 
to the very top of the ridges. ^ This system of irri- 
gation requires to be kept up by the annual removal 
of the silt and vegetation collected in the water- 
courses and trenches. 

Dramotge. 

Drainag^e. Though wc have as yet had no opportunity 

in this country of cultivating boggy or marshy soil, 
it is as well to add a few remarks conderning it. 
The system and formation, of ditches for the com- 
plete drainage of such a soil is the same as that 
employed for irrigation, though they aim at opposite 
results. 
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The smallest ditchbs draw the suI)erfluous water 
from the soil within their immediate vicinity, the 
larger ditches collect the Water, and the head channel 
or channels lead it into the nearest river, canal or 
other natural drainage. This system is to be 
adopted if the boggy condition of the soil is due 
to a collection of rain water which cannot percolate 
through the ground on account of the nature of the 
soil, nor run off, owing to the peculiar formation of 
the surface. 

Springs without natural outlets are often the 
cause of the marshy condition of the soil. When 
this is the case, the most sengible plan will be to 
lead them by means of a short water-course into the 
nearest natural drainage. It is, of course, necessary 
to keep all draind as free as possible of silt and 
veofetation till the trees have closed above. 

When once a cover of trees has formed, the 
danger of, the soil getting boggy again has passed 
away. A good forest is as active a means of drain- 
age as a system of ditches. 

It will be advisable to lay two of the smaller 
drainage ditches close together, and to form a 
ridofe for cultivation between the two. 



Preparation of oil. 

The gi'ound being thus, according to circum- Preparation of 
stances, either irrigated or drained, the next point 
to observe will be the preparation of the soil. 
Forests under perfect, natural conditions require no 
preparation of soil whatsoever. 

The leaves shed by mature trees and the 
decaying wood form a vegetable mould, and there- 
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with a natural seed bed. The soil is loosene.d 
through the influence of the humus. The seed 
germinates readily, and the loose soil not only affords 
well decomposed nourishment to the young seedlings, 
but the roots are able to penetrate it without effort. 
But, as remarked above, this perfect state of soil 
is but rarely attainable on places selected for arti- 
ficial cultivation. On some spots, humus soil has 
never been formed, on others it has disappeared 
through long exposure, or the soil is covered with 
dense weeds and grass. In such cases the Forester 
must endeavour to imitate nature as accurately as 
possible, and create the conditions necessary to the 
growth of plants by means of the preparation of the 
ground. 

Of importance are, the covering of the soil] the 
tipper layei'forgej'minatingoftheseed, and the lower 
spcicefor the formation of roots. 

Covering of the ground. 

coxeringof the The covcring of the ground may be eithei* 

groun . beneficial or hurtful to cultivation according to the 

nature of the CO vering and soil. Alight growth of 
weed on sand and limestone soil is beneficial, — such 
a covering as will spring up shortly after the clear 
cutting of a good forest. A covering of weeds on a 
heavy loam and clay soil is extremely pernicious 
on account of its quick and dense growth. 

A most destructive covering of the ground 
in the plains is **Saccharum" (see Nag, Changa 
Manga, Compartment No. 75, and Rodeshah). 

The density of the growth not only smothers 
the young plants, but causes the stagnation of water. 
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impedes a free circulation of air, and forms a sour 
humus, — ^all three detrimental, even to trees that have 
topped the grass. They ffause the decomposition 
of the sap, and thus kill the tree. (See Chapter 
^'Diseases of Plants, " Botanical Pamphlet.) 

On loamy soil the covering must be dug out 
by the root and burned. On sandy soil a partial 
thinning out and burning during the dry weather 
will be sufficient. 

A still greater enemy to the young seed- 
lings is *' Salsola " (see Changa Manga, Compart- 
ment No. 6). It smothers and kills the young 
trees, and the only way to protect them is to dig 
out the Salsola before it seeds and destroy it with 
its roots. 

When the ground is covered with Tamarix 
(Jau) a total cutting and partial clearing out of the 
roots will be su'fficient. 

Thickets of Calaminthus and Indigofera are 
very detrimental, but a cutting and partial clearinjy 
is all that is necessary. 

A dense grass covering has to be cleared 
entirely if the soil is to be sown ; but it is better to 
have recourse to planting on such places. 

A fresh covering of Calaminthus, Indigofera, 
liaspberries, &c., and a thin growth of grasses, 
necessitate no removal if the soil can be seen every- 
w^here, but an immediate cultivation is required here. 

A covering of Ferns, Polygonum, Impatiens, 
&c., w^hich has sprung up in the shade of a forest, 
and which remains for some time after clear cuttinor. 
indicates a soil ready for reception. They need not 
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Pre^ration of a piyftion qf the area. 

prepteiitton of jjj ^U other cas^s a partial preparation is pre- 
a^portiott ''f^Qjable. It is not only a savihg of money, labor, 

timd and seed, but it has proved to be the safer 
method of cultivation, 

"We distinguish the following preparations of 
sdil : — 

1. Kidges. 

2. I'renches. 
8. Strips. 

4. Plots. 

6, Small seed plots and holes. 

6. Scooped-out, hollow places. 

1. — Bidge Cultivation. 

Hidge Cuitiva- I'his Way of preparing the soil is only practi- 
*^^^' cabld oil irrigated or drained land. The irrigation 

or drainage trenches are made close together (average 
10 feet), and the earth thrown up on the sunny side of 
the trenches is formed into a ridge and beaten down 
oi* allowed to settle. (The entire area of the Changa 
Manga Plantation has been treated in this way); 

2. — Trench Cultivation. 

Tf enoh cuitira- This system was formerly in vogue in the 
*'''°* Panjdb Plantations. The trenches were dug, the 

earth removed and filled in again. When the soil 
is hard and poor, and especially when it is covered 
with weeds, this method, undoubtedly, answers well ; 
but the ridge system oflfers the same advantages, 
even to a higher degree, and at the same time facili- 
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tates watering. The trench systejn can therefore 
only be recommended in cases of roadside planting 
on hard soil, or where it is necessary to break 
through a layer of kankar or of clay impenetrable 
to roots. In such cases, the good soU only is thrown 
back intc^ the trenches or holes • 

It is well to leave the earth taken out of the 
trenches exposed to the influence of the climate for 
a whole season. This will greatly looser ftnd help 
to dissolve the soil. 

Z.— Cultivation in StHpsi. 

In the plains, the strips shpuldi li&6 the trenches cultiTatio^ in 
and ridges, run in straight parallel lines, leaving the **"P®' 
refuse on the sunny side. In the hills, the lines 
should be parallel and horizontal, and thp reAise 
placed on the side nearest the slope. 

* ■ . 

The width ai^d distance of th^ strips depends pn :-— 

1. — The covering of the ground, and existing op 
expected grass ai^d weed growth. 

2, — rThe moisture of the soil. 

3. — ^The groT^h of tl?e species of wood to be 
cultivated. 

4. — The amount of seed and money available. 

The width may be that of a single plough 
line, ojT the breadth of a single hoe, if the soil ia 
light and the covering slight, especially if the tree* 
to be; oi^tivated court protection. The width oi 
the atrip must be extended to 1 and l^foot if the soil 
contains much moisture, and if the growth of gi^asii 
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In hill forests, this method can only be adopted 
shortly after clear cuttings, before the ground is 
covered with the more dangerous kinds of weeds* 

On light sailaba, the heavier species of seeds, 
such as Ber, and evefli^ Eikar seeds, which demand a 
thicker covering of soil, can be sown in a still less 
expensive manner by pressing a small hole in the soil 
and dropping the seed into it, and^closing the hole 
by stamping or pressing upon it. This method 
would also answer for sowing oak seeds in hill 
forests. • 

6. Cultivation ofscooped-out, hollow places^ 
Cultivation of This mcthod has not been tried as yet in this 

scooped-out, hoi- i j. -x -u xi. • J x 

low places. couutry, but it has attained great success m soma 

of the European mountain forests in places where 
neither seed-sowing nor planting succeeded before- 
One-third of a strip, such as I have described 
before, is dug up, and the soil formed into a ridge 
close to the khad. Thus three chances are given 
to the seed to grow — either on the strip, on the hol- 
lowed, or on the raised portion. 









U'.K 
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After a few years trial, the Forester will be 
able to ^ ascertain which of the. three conditions 
suits each species of tree^ and can act upon this 
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experience. I may, however, remark here that 
this method is regarded as a kind of " Testimonium 
Paupertatis *' on the part of the Forester, as it entails 
a certain waste of money, caused by his ignorance 
as to the exact requirements of the trees he is 
called upofi to cultivate. Still it has succeeded, 
and should be tried in this country, where we have 
so little experience. 

Preparation of Artificial Manure. 

After the seedlings have germinated in nurseries, Preparation of 
it is of great importance to accelerate their develop- 
ment, in order to help them over the dangers of the 
first period of their lives, and also to economize time. 
Manuring, as we know by experience, is the best and 
quickest way to effect this. The natural manure 
for such nurseries is, of course, good decomposed 
forest humus ; but as it is seldom obtainable unmixed 
with seeds of weeds, burned manure is more 
frequently used. 

The way to prepare the ash manure is very 
simple. Dry, freely burning wood is collected and 
heaped up, intermixed and covered with dried grass, 
leaves, humus and sods in form of a kiln. The 
burning must go on as slowly as possible. Prepar- 
ing the manure in autumn and covering it through 
the winter with earth increases its quality. The 
action of the fire frees the mineral nutriments con- 
tained in the burning substances, which afterwards 
afford sustenance to the plants, besides destroying the 
superfluous acid in the soil, and loosening the binding 
earth. When the soil contains heavy binding clay, 
it is advisable to dig up, in autumn, part of the 
surface soil; mix it with the manure, and with it 
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form small heaps over the entire area. The influence 
of the climate will loosen the clay, amalgamate the 
substances well, and the work will repay itself next 
spring in the shape of a more vigorous growth of 
the plants^. 



Colleclion and preservation of ^e^l. 
Collection and AH secds must be collected when perfectly ripe ,' 

preservation of , . . . . . . . . n , ,-. 

Seed. but as m many instances it is easier to collect the 

seed on the trees before it is shed, it is necessary to 
watch the progress of ripening. Care must also be 
taken to collect it from mature and healthy trees, 
as they alone yield really vigorous and productive 
seed. The soil affects not only the parent tree, 
but also the seed. It cannot therefore be expected 
that the seed of a stunted or misshapen tree will 
produce healthy and vigorous plants. 

The seed must be collected during fine, dry 
weather and in the middle of the day. Only 
thoroughly dry seed will keep sound ; wet seed will 
get heated and ferment. The above simple rules 
ought to be strictly adhered to when collecting 
the seed. The preservation is more difficult. The 
best way to preserve every kind of seed is to sow 
it quickly; but should this be impossible, the chief 
means of preservation are judicious drying and 
protection against moisture, heat and frost. Seeds 
containing a large amount of water or oils are 
difficult to preserve, even for a short time. 

According to the different species of trees, 
there are various signs to indicate the ripeness of 
the seed. Some trees, such as the deodar, oak, &c., 
shed their seeds ; with others the husk gets woody, 
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as with the Pinus longifolia, &c. The fulness of 
the grain, the healthy colour, and the weight, are 
external indications that the seed has attained 
maturity. But even should the seed have been ripe 
and good at the time of gathering, a careless or 
faulty treatment may afterwards destroy the germi- 
nating power. Seeds received from merchants, con- 
tractors, or from other sources should always be 
tested before used, however healthy the grains may 
appear. The easiest, quickest, but not quite reliable, 
test is to put some of the seed on a red hot iron 
plate. If the grain retains still the germinating 
power, it will burst. The more- reliable tests take 
a little more time. The seed is put either into pots 
with loose, moist soil, or between moist flannel. 
Both flannel and earth must be kept moist in warm 
places. The percentage of germinating grains will 
serve as a criterion as to the germinating power of 
the rest. 

Seeds, especially those of pine trees, though 
they lose in mercantile value by being mixed with 
the husks, will keep longer if not separated from 
them and they will keep longest of all if left in the 
cones. All seeds must be carefully guarded against 
the ravages of mice, rats, birds, &c., as they either 
eat, carry away, or defile it. 

Different species of seed require various degrees 
of dryness, but a constant renewal of air is impera- 
tive. If this precaution be neglected, the seed gets 
mildewed, and will be hopelessly spoiled. This is 
the chief drawback against preserving in holes 
under ground. Provided the seed is turned and 
mildew prevented, moisture alone is not so greatly 
to be apprehended as is generally supposed. In 
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long dry seasons it is even necessary to moisten the 
seed to prevent its being dried up entirely. The 
best place in which to keep seed is a shed with a 
boarded or a kankared floor, and with a sufficient 
number of air holes. Seed should not be heaped up 
too thickly, and, especially immediately after being 
gathered, must be turned daily. Seeds containing 
a great amount of oils had better be turned twice 
daily. To ensure a quick germinating of imported 
seed, it is advisable to soften it in water, slightly 
mixed with muriatic acid. The mixture when tested 
with the litmus paper must impart to it a light 
claret color only. Another way is to steep the seed 
for some days in lime water. This is especially to 
be recommended when the seed is old. 

General remarks on soivhig, planting, cutting, 

grafting and budding. 

Genoraircmrkfl Before entering on the cultivation of the specific 

injjr.(nttmg,praft.Panjub trees, I would make some general remarks 
jritr aiu ^ii "i^'. ^^^ ^j^^ actual sowiHg, planting, cutting, grafting and 

budding of trees. The first consideration is alwavs 
whether to sow or plant, and this is often a hotly 
contested question. Though I shall return to this 
point when we come to consider each kind of tree 
separately, I would here point out some general 
rules to guide us in the selection of a method. 
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It is necessary to have recourse — - 
To Solving : To Planting : 

1 In the open, such species of tree^ 1. Where a strong cover of weeds 
as do not suffer much during prevents or endangers the 
their first youth from either sowings, 
frost or weeds, or such as out- 
grow speedily ^ danger. 2. On wet, stony, or poor soil. 

2. Species of trees which suffer from 3. On clay and lime-stone soil* 

transplanting. 

4. On steep slopes. 

3. When seed is cheap. 

5. On south slopes. 

4. If the soil is light, and not in- 

clined to be covered with a 6. In a rough climate, 
jangle of weeds. 

7. To replenish sowings. 

5. In ft mild climate and in shady 

places, 8. When plants are tender during 

their youth. 

6. Where there is no danger to be 

apprehended from bu'ds and 9. If seed is difficult to procure ov 
insects. expensive. 

# 

7. Under cover^ for niature trees in 10. If time is ot great value, as for 

a year when natm-al seed fall winter cultivation on im- 

has failed.. gated land. 

The worst soils for sowings are clay 11. If the soil is used for <K)tton or 
and lime soil. When the soil other agricultural purposes, 

is clay, it is hardly possible 

to sow without artificial irri- 12, If a certain degree of moistiu'c 
gation, especially if the spe- is wanted* 

cies to be cultivated do not 

strike at once deep roots. 13. On roadsides and for well plan- 
tations. 

Sailaba is the best soil for sowings. 

Way of Sowing-^ 

The sowing is, under all circumstances, most 
effectually done with the hand. 

Broadcast sowinof should be executed like the 
sowing of grain, and in case of light seed during 
calm weather only. Great care must be taken to 
fill all strips and seed places with good seed, so that 
half a dozen vigprous grains may lie close together. 



Covering of Seed. 



Way of Suwiuir. 



The covering with earth is the next step to be Covwin^df s«od. 
considered. The amount of covering depends 



20 CHAPTER I. — ARTIFICIAL CULTIVATION. 



entirely on the seed and soil. Small and light seed 
requires but a thin covering, and the tenth part of 
an inch is sufficient, especially if the soil is heavy. 
Often a hght covering of moss or leaves is enough. 
Larger seed may be put half to one inch deep under 
ground, and in loose or loosened soil the larger seed 
will germinate if covered w^ith two inches of earth. 
A deep covering may prove injurious if the soil' is 
very binding, as it is apt to form a crust under the 
influence of rain or floods. In such cases, as well as 
with lighter grained seed, a simple mixing of the 
seed with the upper loosened soil vnll be sufficient. 

The manner and means by which the seed is 
covered vary with the depth of the sowing. One of 
the best ways for deeper covering is to rake the soil 
over with the hoe or rake. The lighter covering is 
easily done by dragging weighted bushes lightly over 
the surface. Of greater importance is the pressing 
down of the soil after sowing. If the soil is either 
naturally loose, or has been thoroughly worked up, 
care must be taken to press it down after sow- 
ing, as this will prevent the damaging influence of the 
rain, which might otherwise wash the seed out of 
the ground or carry it too deeply down. A well 
beaten-down soil will keep moisture for a long time 
in the ground, and the roots of the young plants 
will acquire a firmer hold. 

If a mixed cultivation of trees is contemplated 
by means of sowing, it is better to sow each specias 
separately, as the seeds may require different thick- 
ness of soil covering. 

Amount of Seed. 

Amount of So«d. The amount of seed to be sown depends on soil 

and species, and also on the soundness of the 
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seed. If the soil and seed are good and the culti- 
vation small, and if it is possible to expend much 
care on the preparation of the soil, as well as on the 
sowing, a much smaller amount of seed will be 
needed than if the soil is uncongenial, or if the 
covering of weeds endanger the seedlings, or if the 
seed is doubtful or unclean, or if the great extent of 
the cultivation makes it difficult to attend carefully 
to the preparation of the soil and the sowing. 

A greater amount of seed will be wanted if it 
is intended to plant out the sowings, as in such case 
a more dense growth is desirable. The relative 
amount of seed wanted depends much on the tenden- 
cies of the trees ; some prefer air in their youth, 
and an open growth, while others flourish close 
together. Again, the size of the seed has much to 
do with the amount. The quantity required per acre 

for the different methods of cultivation will be noted 
further on. 

Execution of Somng. 

The sowing itself must be executed by daily g^Jf^;;^^*^^'' *^^ 
labor and under strict supervision, though the pre- 
paration of soil may well be done by contract. 
I would, in many cases, however, prefer daily labor 
for the preparation of soil ; that is, if the places for 
cultivation have to be selected, and when the final 
work offers difficulties in the shape of measurements 
at the time of taking over. If mixed sowings are 
to be made, it is advisable to give the different 
workmen each a diffisrent species of seed, and to 
make them sow per acre in the proportion of the 
mixture required. This will produce a more equal 
mixture of trees in the new forest than when the 
seed is mixed up in bags at the time of sowing, and 
the different requirements of each species of seed 
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can be better attended to. If the workmen are not 
all skilled laborers, the work should be taken in hand 
by a small gang only, to be gradually increased as 
the men learn their work until the entire gang is 
employed^ 

period of Sowing. 

Period of Sow-. ^^ havo thrcc periods of sowing — spring, rains 

and autumn. 

Spring Sowing. 

Spring. Sowing. Spring sowings succeed in the hills, but in the 

plains only with the aid of artificial watering. 
Rain sowings are as successful in the plains as they 
are in the hills, though not with every species of 
trees. We have recourse to autumn sowing in the 
hills, and on saiMba land in the south-east of the 
Province) especially where floods endanger the rain 
sowings. 

Autumn Solving. 

Autumn Sowing. jj^ j^jgi^ altitudcs— such as K41atop, Kiilii, 

Pangi, &c., &c., autumn sowings are the most natural, 
because tiie transition from winter to summer is verv 
abrupt. 

A greater degree of safety is ensured to autumn 
sowings if the cultivation happens to be on protected 
ground, under standard trees, or amongst high 
weeds. The difficulty of preserving easily heated 
seed is thus avoided, but mice and rats are more 
dangerous to autumn than to spring sowings. 

Trees which exhibit a tendency to suffer from 
frost during their first growth must not be sown in 
autumn. 
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In the plains, autumn sowings must be executed 
in September, so that the plant germinates within 
the same year, but they succeed only in places 
where the winter frosts are not severe, or do not 
exist at all. 

Rain Sowing, 

The rain sowings are the great stand-by on all 
sailaba lands, and succeed, of course, on irrigated 
land. In the lower hills, up to 5,000 feet, where 
the dry heat of May and June kills the spriog sow- 
ings, and where the ground uncovered by snow is 
too cold for autumn sowings, rain sowings ought 
always to be used in preference. 

Much care must be taken with regard to the 
replenishing of the sowings, and the Forester has to 
examine all new cultivations, and note all blanks 
which he was unable to replenish during the year of 
cultivation. Before another new cultivation is 
undertaken, all repairs, carefully executed, must be 
completed. 

Planting. 

Planting is the most important and most diffi- 
cult part of artificial cultivation. As a rule, the 
cultivation with transplants succeeds best if the 
conditions under which the young plants have pre- 
viously vegetated are disturbed and altered as little 
as possible. 

The healthy Plant . 

The first object of our care is the plant itself. ^^*^^ 
Whether it has grown naturally in the forest, or has 
been reared artificially in nurseries, it must be 
t'horoughUj healthy. The chief characteristics of a. 



Eiiii Sowing. 



Planting. 



The liealthy 
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and moist, but all older plants and all pine trees 
should be carefully dug up with the spade or hoe. 
The removal of single plants from amongst the 
natural young growth of a forest is more difficult, 
more expensive in the long run, and less safe than 
rearing the plants in a nursery, and afterwards trans- 
porting them to the place of cultivation. 

I give a list of some excellent instruments for 
digging up plants. The first is the circular spade, 
which is to be recommended for loamy humus soil 








• 



clear of stones and roots. It consists of an iron spade 
forming a hollow cylinder, one quarter open, and 
slightly converging towards the lower part. The 
diameter of the cylinder is from 5 to 9 inches, and 
a length from 6 to 1 2 inches. The open sides are 
Steeled and sharpened. The stock, which has an 
iron foot-board for pressing, is about 3 feet high, and 
the wooden handle for turning the spade round is of 
nearly the same length. The plant is placed in the 
middle of the cylinder, the spade is pressed down, 
turned round, and the plant and earth lifted out in 
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form of a flower pot. The holes for planting can be 
made with the same instrument. Another useful 
implement is the hollow spade.. It.is pressed into the 



^^^, 
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ground first on one side, and then on the other side of 
the plant, and the earth containing the roots is lifted 
in the form of a cone. Both these instruments are 
only useful when the plants are 1 J to 2 feet high. If 
th^ plants are smaller still, the hollow spade, with a 
short handle, can be recommended, especially for dig^ 
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ging up small pine seedlings in the forest. The 
common «pade must be used to dig up larger seed- 
lings, or to get plants out of a hard or clay soil. The 
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Transport^ 
plants, 
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native hhurpa is an excellent, though slow- working', 
planting implement for a hard soil. A heavy iron 
spade with iron handle is useful on stony ground. 
It may ako be recommended for transplanting large 
seedlings, as it does not damage the roots much. 
The upper breadth of this spade is 1 inches by \ inch 
thick ; the lower breadth is 6 — 7 inches, and the length 
of the blade up to 18 inches. 

Transport of Plants. 

0^ Every precaution must be taken during the 
process of transplantation. The seedlings must be 
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guarded against every species of damage ; but, above 
all, special care must be taken to prevent the drying 
up of the roots. Small plants, w^hether transplanted 
with or without earth, should always be carried by 
men in baskets, or on stretchers, if the distance is not 
too great. If small plants without earth have to be 
transported to a great distance, it is well to dip the 
roots into liquid mud made by mixing loam and 
water, and cover them with wet moss. Moss should 
also be stuck between the stems, and the whole 
tied into bundles, which should be moistened 
from time to time. Such bundles, if carefully packed, 
can be sent by cart or rail. Larger seedlings with 
earth round the roots may be transported on carts 
by putting them upright, or slanting with the tops 
towards the back of the cart. Under all circum- 
stances, the spaces between the young seedlings should 
be filled up with loose earth or moss, so as to prevent, 
as much as possible, the soil being shaken off. Very 
large seedlings for avenues can be transported with 
earth round them, but it becomes necessary then to 
cover the earth with matting securely tied round it. 

Protection of Plants he/ore Planting. 

The plants on arrival at the place of cultiva- Protection of 
tion must be kept in a shady spot, and, if not usedpiantLg. 
immediately, must be covered with loose earth, and 
moistened with water. 

Pla7it holes. 

Before the seedlings can be put in, the plant ^^^ ^oi«>« 
holes must be first prepared. The size of the holes 
depends, of course, on the roots of the seedlings, 
and also on the relative goodness of the soil. 
On a poor hard soil the planting holes have to 
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be made larger than on good soil. Much care has 
to be taken when making holes not to throw aside- 
or bury the better soil* The surface cover and 
weeds must be carefully removed^ but not so as to 
displace the surfece humus. The upper soil should 
be well worked and mixed with the lower soil, though 
without unnecessarily removing it. If the young 
trees, and consequently the holes, are large, it is 
well to keep the humus soil separate, so as to bring 
it close to the lower roots* The holes can be made 
either with the spade, the circular spade> the hoe, or 
the kh^rpa. The cheapest and quickest way is to 
dig holes with the circular spade, provided the soil 
admits of its use. For reason explained in the 
chapter " Knowledge of Soil, " the cultivation will 
be much benefited if the holes are nmde during the 
preceding season. 

Priming of Plants. 

piwiu!^^"^ ^^ Our next consideration must be whe fcher the plant 

is to be pruned, or not, before being put in its new 
place. The general rule, that any kind of damage 
inflicted on the plant lessens the changes of success 
and interrupts the vegetation, leads us to look upon 
every pruning not only as unnecessary, but as inju- 
rious.- Seedlings transplanted with the earth round 
them should never be pruned, and pine plants under 
no circumstances, as the resin closes up the pruning^ 
cuts and obstructs the circulation of the waten 
The root of good-sized seedlings of deciduous trees ^ 
may be pruned with advantage ; but the damaged por- 
tions only should be cut off, and disproportionately 
long roots shortened. The pruning should be done 
with a sharp knife, so as to inflict the smallest 
possible wound. The roots, which are the organs 
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©f reception, being thus cut, and the balance between 
them and the branches, which are the organs of 
utilization, disturbed, means must be taken to re- 
establish that balance, and this is accomplished by 
pruning the branches. They must be pruned from 
below, so as to prevent dew or rain-water collecting 
on the wound. 

Planting. 

Whether the plants are pruned or not, the next rianting. 
step is the actual planting. 

Planting with earth. 
The simplest and safest wav is to plant with Planting with 

' *" earth 

the earth round the seedlings, and in many instances 
this will also be found the cheapest way. There was 
a time when it was deemed impossible in Europe to 
transplant the Pinus Sylvestris (the same erroneous 
idea exists here with regard to the Kikar), but this 
popular delusion has passed away ; for at present 
great areas of Pinus Sylvestris are transplanted 
with the earth, and if they are 1 — 2 years old 
without it. 

The following are the advantages of planting 
with earth : — 

1. All damages connected with the digging 
up, transport, and planting are avoided. 

2. The roots remain in the same position, and 
the surrounding soil to which they are accustomed is 
retained. 

3. The plants are able to resist more effectu- 
ally the influence of climate, especially frost and 
drought. 
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4. The planting itself is done more rapidly and 
cheaply. 

5. Any unskilled laborer can execute it. 

The only care to be taken when planting with 
earth consists in filling up with loose soil the crevices 
between the lower portion, the sides of the holes^ 
and the earth around the plants. This must be 
especially attended to if some of the earth has got 
detatched from the ball round the plant, 

Planting without earth. 
Planting with- Planting; without earth presents more difficult 

out eaitbr ^ t i. • p 

ties ; and when the more delicate species of seedlmgs 
have to be transplanted, much care is required, and the 
work can only be done by experienced men. When 
larger plants for road-sides, &c., &c,, are to be trans- 
planted, it even becomes necessary to observe the 
same direction of the compass, and it is then advis- 
able to mark the north side before digging up the 
plant, and to transplant it in the same position, 

I proceed to describe the most approved way 
of planting seedlings without earth, 

A heap of good earth is placed in the centre of 
the hole, and the plant is put in in such a way that 
the stem stands right in the middle of it. The 
plant is then kept in an uprighl; position with the left 
hand, and with the right hand the roots are placed 
in the most natural position, and carefully surroun- 
ded with good earth. The seedling is then slightly 
shaken with the left hand, and the earth manipula- 
ted with the right, so as to fill up the small crevices 
between the roots, and when this is accomplished^ 
the rest of the hole must be filled up with the residue 
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Qf the soil. Great care must be taken to keep the 
plant in an upright position. The hole being filled 
up, the earth is lightly stamped down round it with 
the foot, but this should be done very gently, and not 
close to the stem, or much harm may be inflicted by 
compressing or injuring the roots. 

Depth of Planting^ 

As a rule, all seedlings should be transplanted .^o^^ptu of plant. 
without changing the conditions under which they 
were raised, and they must therefore be planted as 
deeply as they were previously growing. But much 
more danger is to be apprehended from deep, than 
from shallow planting, especially as regards pine 
trees; for w^hen the roots are withdrawn from the 
influence of the air, they sicken and die. The stock 
should be placed a little above ground, so that the 
upper roots are only just covered with earth. The 
depth is, however, slightly modified by the soil and 
climate. In case the soil is dry, and has not the 
power of retaining water, the plants must be put 
in deeper, and may even be planted in a hollow. 
But when the soil is wet, the seedlings must be 
planted in a shallow position, or, better perhaps, on 
raised ground. On a constantly moist soil, or when 
it is overgrown with grass, it becomes imperative to 
plant on raised ground. The process is very simple. 

In a circle of 2 — 3 feet, the grass is taken up 
with the sod, turned and covered with good soil on 
which the seedling is planted. Another way is to 
make little heaps one foot in diameter, and cover 
them with turned grass sods after the seedlings have 
been planted thereon. This is an excellent way on 
shallow binding soil, with little humus and much 
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grass. On very poor or very stony soil it is advis- 
able to surrotirid' the roots of the plants with a 
manure of richer soil, which may eithet be got frrnn 
the adjacent forest or be prepared. By thes^ 
simple, but rather expensive means, the safety and 
rapidity of the growth is insured. 

Further ^?rotection of Plants. 
Fiir|herprotec- The residu'e of soil and sbds^from the plant hole 

lion of rlauts. , n i • i ^ • 

IS usually laid rouJnd the plants with the grass side 
towards the earth. When* the plants are small, it is 
well to heap the refuse on the south side, as it will 
protect the stock from the' direct tUy^ of the sun. . 
l)ense Weeds shoifld be removed from the immediaJte 
vicinity of the yoi^ng small plants. A good plan is 
to dip the roots^ into, a mixture' of water and loam 
immediately ^3efore planting. If water is to' be' had 
close by, the seedlings should be watered during the 
process of planting. !By these means the roots are 
brcDUJght into closer contact with all the particles oi 
earth, and the plants rec^Ve nK)isture at the same 
time. This is especially to be recommended for 
large plants on dry soil, but must be avoided for 
autumn planting in positions exposed to eairl'y and 
severe frosts*. 

Support and fencing. 

Support and Supporting and fencing plants is only neces- 

°' sary on road-sides and where grazing grounds have 

to be planted. 

Planting ofsmcdl Seedlings. 
Planting of |f yearlinffs or verv snmll idants are to be 

Binall seedlings. i i • i i • ^ o • • 

tran'splanted without earth into the lorest^ it is not 
necessary to make holes with a spade or hoe. The 
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simplest method is with a wooden peg and mallet, 
or with the planting iron. The accompanying figure 
will explain the instrument. The iron is driven into 
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the soil with one hand and drawn out, the small 
plant is put into the hole with the other hand, and 
the iron is again ran^iued into the ground at a dis- 
tance of 1 — 2 inches from the first hole, and the soil 
is pressed sideways on the plant. The second hole 
is cloKsed up in the same way. The soil should be 
soft, and not much overgrown with weeds, otherwise 
it must be prepared before hand. The broad side 
of the ordinary pick axe may also be used, and the 
weeds removed with it at the same timQ. 

A elding humus. 

If the soil ts very poor, it is always advisable Adding humus. 
to improve it with some good humus or manure. 



Planting cfseveml plants in the same IioIp^ 

This kind of planting is executed in exactly the Planting of 

^ ^, *^ several plants in 

same way, with the exception that a bundle of plants the same hole. 
is put into a plant hole instead of a single one. 
Though preference should be given to single planting, 
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yet there are instances when the last-named method 
may be recommended— on exposed positions, in high 
mountains, for safety belts against snow and avalan- 
chei^ But there is no doubt that the plants thus 
raised develope their roots only in one direction, and 
are unable to resist storms and other inclemencies of 
the weather as effectually as single plants, 

Planting with artijlcial manure. 

Finally, a more scientifie method should bt^ 
noted here. I mean the planting with artificial 
manure on very poor or stony soil. The preparation 
of grass ashes has already been discussed in a former 
chapter. The hole is made in the shape of a klltah, 
the looge soil is removed from its centre, and a hand- 
ful of ashes is pressed against one side of the hole. 
The plant is then placed against the ashes, and more 
ashes pressed on the other side. The earth is now 
put back into the hole, and the same precaution 
must be observed as with ordinary sjingle planting, so 
as to keep the best soil nearest to the plant. This 
method, though costly, repays itself in a rough climate 
and on very poor soil which has lost all the decom- 
posed nourishrnent it gnce possessed, ^ither tl^rough 
long exposure, or having been used as a grazing 
ground, 

Distance and form of i^lanting, 
T)i tan< e a id jj^^ distance and form of planting are the last 

Icrm of planting. i o 

points .under discussion. The distance depends — 

1. On position and soil, 

2. Size of plants. 

3. Peculiarities of the plants, 

4. On the object of the cultivation. 
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In a dry climate and on a dry poor soil, especially 
an this country, it is necessary to plant close ; 
also on places where weed« are apt to spring up and 
gmffocate the young plants. In the first instance, the 
ground must be shaded as quickly as possible, and 
the soil protected against the direct influence of the 
sun. In the second instance, the weeds must be kept 
down. A mild, moist climate, and a rich and moist 
soil, admit of seedlings being planted fiirther apart. 
Large plants, or plants of trees which 'outgrow 
rapidly the danger of weeds, nmy be planted further 
apart ; but trees which have an inclination to grow 
bushy must be planted close together to check 
this propensity, and with a view to improve their 
growth. Small plants and seedlings of slow-growing 
trees require a closer planting, because they take a 
lonorer time to close oyer-head. 

I proceed to enumerate several drawbacks con- 
nected with tlie system of planting far apart : the soil 
remaining uncovered for too long a period is liable to 
dry up and lose its nourishing power ; and trees, which 
close late over-head are apt to degenerate and grow 
into branches, and will yield not only less straight, but 
actually a smaller quantity of wood. The disadvan- 
tage of close planthig consists, d priori, in the greater 
C33t of the cultivation, and secondly, in the want of 
growing space for each plant. Much of the vitality 
of the plants is lost in the struggle for light and air. 
Much again depends on the object of the cultivation. 
If it is contemplated to force the plants up to high- 
trunked timber tree?;, it is advisable to plant close, 
so as to obtain a quick closing over-head. This, 
however, is not of the same inportance when purely 
fuel plantations are contemplated. If it is intendl^d 
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to plant on grazing grounds, where arboriculture is 
only a secondary consideration, the trees are planted 
at considerable intervals; also on road-sidea, and 
even more so if it is contemplated to use the land 
on which the trees stand permanently for agri- 
cultural purposes. Little or no importance is 
attached to this point in an European country, where 
such considerations do not fall within the province 
of the Forester; but in this country, wheie the 
inhabitants pay no heed to the advantage of preserve 
inor trees on their own land, the District arboricul- 
ture falls to the duty of either the District Officers 
or the Forest Department. If it is intended to 
create or reproduce a forest, the distance of planting 

should be between 4 and 10 feet, according to cir^ | 

cumstances ; for road-side 10 — 30 feet, and on graz- 
ing grounds the distance may be even greater. 

Form of Planting, 

The distribution of plants over the area, though . Form of Plan. 
often under-rated, is of some importance. A regular 
distribution ensures the young plants the exact 
amount of growing space they require, and the 
necessary amount of light and air. Parallel lines are 
most frequently used in planting. The distance 
between the lines must be uniform ; but the space 
between the plants in the lines is less than the dis- 
tance between the lines. The planting in quincunx, 
squares, or triangles, is only a modification of this 
method. 

The planting in lines has its advantages and 
disadvantages, of which the former in most cases 
outbalance the latter. Instead of plant holes, ditches. 
may be drawn, which facilitate the irrigation or 
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drainage, make the planting easier, and yield a 
greater amount of loose soil ; the Utiliasation of grass 
is easier, and the cultivation of cotton, &c., between 
the lines is much facilitated. The thinnings also 
can be taken in hand earlier, which will lead ultima- 
tely to greater regularity in the distribution of trees 
in the future forest. 

A drawback to this method should, however, 
be here mentioned ; the plants, during the first stage 
of their growth, do not develope their roots and bran- 
ches with regularity on all sides, and therefore 
do not at first spring up in the same uniform 
manner as when the more equidistant methods are 
used. 

The cost of cultivation depends much on the 
quantity of plants, and I subjoin the number of 
plants required per acre for the different forms and 
distances most in vo"fue. 
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Line planlmg 



a = Area, n=nuniber of trees. 
X = Distances between plants, 
y = Distance between line^. 
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^"^w - at 

Tile numbers of sefedlingS for planting in 
(squares are under-lined, and some more given below 
for the planting of grazing grounds 

15*=193 30*a=4S 45'-=2l 

20*»=109 85^=32 50^^17 

25*=6fl 40'«=21^ 



The amount of plants required for miincuhx la 
exactly the same las for planting in -i^uares; thA 
ilistance between the plants is ineaSured diagonalljTt 

For triangular planting the number of planla 
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X2 0-866. 

for distances froin S — 12 feet per acre 

3=4,191 

4=2,357 

t=*:l,50d 

6=1,04? 

?= 793 

8= 589 

9= 405 
10= 37t 
11= 311 
lf2^ 2G2 

AiHifhclat i*earin0 of 'planting material. 

The next point is the rearing of planting mate- . Artificial r^m 
tial. 
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Even plants reared in the forest, to be ultimately 
transplanted, gain by a previous treatment. All 
round the stem, at a distance proportionate to the 
size of the plant, the roots are cut otF with a sharp 
iron spade, and the tap-roots shortened by means of 
a judicious dig of the spade. The earth is then weli 
stamped down again. This is done two years previ- 
ous to transplanting. The plant will sicken for a 
short time, but the wound will heal quickl}'^, and 
close to the cicatrice a bundle of small roots wiH 
sprout out, »o that when the tree is ultimately remov- 
ed, its after-growth can be more securely counted 
upon. A judicious pruning of the large branches 
sliould accompany the cutting of the roots. This 
process has the same aim as the transplanting in 
nurseries, namely, that it produces the largest 
amount of roots which are capable of receiving nutri- 
tious substances within the smallest possible space. 
The rearing of good planting material in nurseries is 
quite an art in itself, and should form one of the 
most careful studies. Plants may be either trans- 
planted at once into the forest from nurseries in 
which they have been reared from seed, or be trans- 
planted once or twice within the nursery before 
being ready for use. In the former case the nursery 
is called a sowing nursery. 

Sowing Nurseries, 

s.,wing Kur- The first question when laying out a sowing 

nursery is its position and nature of soil. The gene- 
ral principle to guide us in our selection is this : 
the soil and position of the nursery should resemble, 
as much as possible, the area about to be cultivated. 
We should therefore endeavour to select an average 
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soil, neither the best, nor a poor place. This prin- 
ciple may, h^vvever, be modified by circumstances. 
If either the dryness or the excessive moisture of 
the area impedes" the growth of plants during their 
first youth, the very best place should be selected 
for a nursery. 

Position and soil of Nursery, 
A northerly aspect on ' hill sides with side Position k, SuU 

. -i^ . of Nurseiy, 

protection against East and South is always a 
favorable position. Sowing nurseries w^ill suffer 
-but rarely from frost, and the north position has 
the advantag>5 that the vegetation begins later, 
and the plants can be transplanted further on in the 
season. A slope is desirable, but it must not be too 
steep, or the rain will wash away the good soil, and 
perhaps cover the young seedlings with earth. A soil 
intermixed with sand is more easily kept clear of 
weeds than a clayey soil. Loam soil containing no 
lime forms a hard crust after each fall of rain, as men- 
tioned in a former chapter, and must be avoided. Wet 
soil is quite as bad, and old grass blanks should never 
be selected. The place should, of course, be chosen as 
close to the projected planting operations as possible. 
In the plains, a place easily to be watered should be 
selected. Spots on which trees have been newly 
cut can be recommended, and for shade-lovingr trees 
it is well to make the nurseries in old thinly wooded 
forests. The original shady trees may be carefully . 
cut in the second year, in order to accustom the plants 



to the light. 



Size of Nurseries. 



The size of sowing nurseries depends, first, on .size of Kurser- 
the area to be planted, and, secondly, on the method 
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of planting. When the seedlings are to be transplanted 
with the earth roulad them^ it is neceii^.ary to make 
small and numerous nurseries to save cost of trans- 
port. But here again the cost of ^'^ll-watering mu»i^ 
be taken into consideration, and if a well has to be 
cofistructed or worked solely for a nursery, it is advi- 
^le to make the nursery a large one. 

Preparation ofSoiL 

Prepar&uon of Tlie place thiis selected and the size decided on 
the next thing is the preparation of the soil. The 
chief point to he considered in the preparation of a 
sowing nursery is, how to give the seed a mild, loose 
soil for germinating,, unencumbered by weeds. Aa 
it is in most cases desirable to concentrate the roota 
into the upper portian of the soil, great care must be 
taken to loosen it well and to collect the best earth 
near the surface. If, however,, the seedlings are to be 
ultimately transplanted into very dry soil, or on a very 
dry position, the roots should be lengthened, which 
is easily done by loosening and improving the lower 
j^fl. The depth of digging a sowing nursery may 
vllherefore vary between five indies and one-and-half 
f^ot, according to circumstances ; but whatever the 
^epth may be, the soil must be thoroughly cleared of 
all weeds and their roots. This must be done 
most carefully, so as not to remove the best 
soil and the dissolved nutritious substances. The 
bfest way is to prepare it roughly a season before- 
hand, and to allow the weeds to remain lying on the 
surface. Heavy soils should be loosened and 
improved with humus or ashes. The last work, before 
the sowing actually commences, should consist in fre- 
quently hoeing up the soil, forming beds ami lay- 
ing out roads. The beds, especially in thehilla, 



CHAPTER I. — ARTIFICIAL CULTIVAriOIJ. 45 

must be as level and even as possible to prevent 
either soil or seed being washed away. It is desirable 
to allow the soil to settle down before sowing, and if 
time does not admit of this, it will be found advanta- 
geous to beat or pregis it down with boards. 

Sowing. 

Condition of soil. 

The condition of the soil at the time of so wing g^jj^^^^^*^^" ^* 
must be taken into consideration, especially if it be 
heavy. If the soil is immoderately wet, the seed will 
germinate badly, particularly if the ground is of a 
clayey description. 

Time of solving. 

In the watered plantations of the plains, the Time of sowing4 
time of sowing nurseries is mostly during the early - 
spring. In the hills, the seedlings will prosper as 
well, and often better, for having been sown late in 
autumn, and Piiius Longifolia succeeds best when 
sown during the rains. 

Ma7iner of solving. 
The sowing may be done 'either broadcast, or in .^^^anuerofsow. 
linos. Seedlings to be transplanted in the first year 
may be sown broadcast, on land watered with wells, 
provided the soil is free from weeds. This method 
of sowing facilitates the removal of plants with the 
earth round them. In all other cases sowi^ng in- 
lines is preferable, because : — 

1. Less seed is required. 

2. The seedlings are more easily kept free 

from grass and weeds. 

3. There is less difficulty of removing the 

plants and less risk of damaging the 
roots. 
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Broadcast sowings must be made with a sparing 
hand, as the plants have to be taken up with the 
surrounding soil, but strip sowings may be sown 
more thickly. It must be borne, in mind that a thick 
sowing has the advantage of insuring the germinating 
on heavy soil where single germs cannot penetrate, 
and that it is more easily kept free from weeds, as 
the young plants protect each other against weeds 
and frost. But if it is necessary to leave the plants 
for a long time in the sowing nursery without trans- 
planting, or if they belong to a rapidly-growing class, 
their development is decidedly impeded by a thick 
growth, and therefore a thinner sowing will be neces- 
sary. 

In another chapter, where each tree is treated sjb- 
parately, T will notice the quantity of seed to be sown. 

The covering can, or must be, thicker than in 
open sowings : the earth being loose and clean, 
allows air and moisture to come into contact with the 
seed. 

Broadcast sowino^s are best covered with a rake 
or by strewing earth thinly over them. 

Strips may either be made with a small hoe or, 
when small seed is to be used on light sandy or 
humus soil, with the ''strip board." 



\ 
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The " strip board " is about 4 feet long 
and 3 feet broa<d, with parallel staves nailed 
lengthways at a distance of 8 inches. These staves 
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are about 1^ to 2 inches high by | of an inch broad, 
and slightly hollowed out in the middle. The board 
is put on the ground with the staves downwards. A 
man steps on the board, and the strips are pressed into 
the ground. By means of the hollow in the centre 
of the staves an elevation is formed in the middle of 
the strips, and the seed will fall, on both sides of it, 
w^hich affords a decided advantage. The seed sown in 
strips is again covered by spreading the soil with a 
rake over it and pressing it down. A cover, however, 
of loose artificial soil ( a mixture of humus, ashes 
and soil} is most advantageous, as it is easily pene- 
trated by the germinating plant. A popular mistake 
exists that it has a pernicious effect on the germinat- 
ing plant to assist it breaking through the upper soil. 
On the contrary, this must be done if a crust has 
formed on the surface. The earth must be lifted with 
the hand and crushed. If the soil is liable to form a 
crust, the best way would be to cover the sown strips 
with moss, and only remove it when the plants har^ 
appeared above ground. In the plains, as w^ell as in 
the hills, a covering of shrubs is advisable before the 
rains begin, especially in unwatered nurseries. The 
seed before germinating has to be carefully guarded 
ao'ainst birds, insects and mice, and against the last- 
^amed enemy even after the young plants have made 
their appearance. 

Future treatment of seed beds. 

Durino* the first two years, the seed beds have Future treat- 
to be kept free of weeds, and the soil between the 
strips must be loose, so as to afford easy ingress to 
moisture and air. In the second year the same can 
be effected by covering the soil between the lines with 
a thick layer of moss. This simple process will pro- 



48 CHAPITER t-^xnnncixh oiTLTiVAfio^. 



■"•(. ^' - «.-^j— « 



tect the plants in the higher hills, and at the same time 
prevent their freezing down* Against this latter 
danger a covering of pine branches or indigofera 
in autumn will pr^ve effectual. In spring this cover- 
ing is to be removed gxadually* 

Removal of seedlings, 

i^emovai of When the seedling is fit for transplanting, the 
"gf. ^^^^ question is its removal. The taking up with 

earth is best done with the circular spade, or hollow 
spade, or khiirpa, and has been discussed before* 
More difficult is the taking up of plants without earth) 
and the greatest care must be taken to keep all the 
fine tender roots (indispensable to growth) undamag- 
ed. The best way is to approach the strips from 
the side by means of a small trench at a short dis- 
tance parallel to the strip. The plants are then 
pulled into the trench, helped with a spade from 
behind, the earth between the roots is removed by 
a gentle shaking, or, if very binding, it is picked ofl? 
with the hand. 

Damaged or weak seedlings may be transplanted 
into a planting nursery to recover or be thrown away, 
but they should never be used for immediate culti- 
vation. The holes made by the removal of plants! 
should at once be filled up with good soil* The fine 
roots, which are of the greatest importance, dry up 
very quickly, and the plant becomes unserviceable, 
The best protection is, of course, an immediate trans- 
planting, but if this is not feasible, they must be pro- 
tected by a covering of earth, wet moss, or wet leaves, 
and by dipping them into water J^ef ore planting- 
Tliis is absolutely necessary if the/ have to be trans, 
ported a considerable distance. 



6HAPTER I. — ARTIFICIAL CULTIVATION. 49 



Protection of young plants: 
If the seedlings cannot be planted immediately Protection of 

voiinu olfliits 

after reaching the piscce of cuhivatioh-, Jt is ne6i6hfeary 
io cover at ohce the roots cotapletely with fine loose 
soil. Great care nhist be taken to do this efficiently, 
so that no air can penetrate between the ro6ts. For 
the same reason it is necessary to untie the plants, 
iJhould th^y have previously been tied up into 
bundles. 

Ctidiige of nut series^ 

A change of sowing nurseries aflTords many change of nur- 
Advantages, as it inisures fresh, active soil, shortens ®^"^^* 
the tratispbrt, &c., but the disadvantages must not 
be overlooked*; the cost of the first preparation 
6f the soil, cost of fencing and greater danger from 
^eeds, ittust all be taken into consideration. In 
most cases iJherefore, especially in our hill forests, 
i sowing nui-sery has to' be used more than once, 
but should then be artificially manured with humus 
and ashes. It is not advisable to' utilize manure 
prejpared froha decomposed weeds and grasses taken 
out of the nurseries; ^ many a germinating seed 
6f the weeds w ill ^gain find its may into it. All 
things considered, it is cheaper to' bring the humus 
from a weD-shaded part of the forest where no 
\Veeds grow. 

Flaunting Nurseries. 

Soil and position of nursery. 
The soil for the planting nursery must resemble soii and posi- 

, , tion of nursery. 

as much as possible the soil on which the trees are 
to be transplanted, but there is no necessity for its 
being as mild as that selected for sowing nurseries, 

H 
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as the plants t(f be reared hefe have already com- 
plete roots and a complete system of digestive 
organs. The plants taken out of a planting nursery 
are larger, the pi-eparation of soil is more expensive, 
AS wqU as the fencings &c., and therefore these 
species of nurseries are but rarely changed. This 
entails keeping the means of transport in view when 
selecting a place for a planting nursery, and to 
-choose, if possible, a place easily accessible to wagons. 

In the plains, an easy supply of water is indispen- 
sable, and even in the hills it outweighs many other 
disadvantages. The nursery must be easy of access 
and close to supervision. 

The soil should possess the necessary productive 
power, and must not be poon On poor, inactive soil 
the plants degenerate, and become perfectly unfit for 
an unprotected position*. The best vegetation is 
insured on places where the forest has been newly 
cut, and where the ground has a good humus cover. 
Such places are far preferable to those exposed for 
^ considerable time to every atmospheric influence. 
The condition of the soil is the primary consideration ; 
it must be fresh, active, and, if possible, rich. The 
position sliould be as elevated as is consistent with 
a thriving growth of the trees to be planted. Plants 
are safer there against night frosts than in dells, 
and the transport is easier down hxH than up hill. 
The positiw)!a should be as level as possible, as plants 
brought up on a level place endure best the various 
changes of position. A plant reared on a level is able 
to resist more sturdily the effects of a steep North 
side than one grown on a South slope. 

Size of nurseries. 

Size of nur^er- The sizc of nurserios depends of course on the 
^®^' requirements of the case and the means at disposal. 



CHAPTER r. — ARTIFICIAL CULTIVATION. 51 



Preparation of nurseries. 
Nurseries which have to serve for a period of Preparation of 

* nurseries. 

years must be carefully dUg, to the depth of 1 — l^ 
feet, and cleared of all roots, stones, &c. Roads 
must be laid out and a durable fence put round it. 
In fact, it must be altogether- prepared like garden 
soil. If poor, it must be intenuixed with ashes and 
humus ; but it should; never be dug deeper than 1 1 
feet, as in most cases we purpose having the 
nourishing root as close to^ the surface as possible. 

The roads depend entirely on the size of the 
nursery, which should be divided into beds of a 
twelfth of an acre, or even smaller. . In large nurseries 
situated in the plains, or wherever the planting 
material can be removed on wagons, the roads 
should be broad enough, to allow, the wagons to 
come up to the beds. 

The fenxjes should be durable, and may be made 
either of stones, wood, or wire. For large nurseries 
it is advisable to have a small hut with lock and 
door on the spot. It prevents coolies and Sub-Over- 
seer leaving the work on. a rainy morning, followed, 
perhaps, by a fine day, and! may serve as a place for 
tooJs, A(C-. 

Planting under protection. 
Shade-loving plants, like the deodar, mav be Planting under 

. ' •/ protection. 

pianted under the protection of old trees, but this 
should only be done if the plants are intended for 
replenishing an insufficiently stocked forest, where 
they will again receive protection. 

Planting of nurseries.. 

The nurseries, once prepared, the planting Planting of 
material must then either be brought out of the 



nurseries. 
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forest, which is the p^ost »j:^ce]rtaini fflie^hpd with 
jintrained coolies, or must be raised fropoi seed, — b, 
^ijbject which has already been discussed. 

The planting itself is executed in par^Jlel lineg 
at a distance of 8 ipch^es tp 2^ feci according to the 
size pf the plants to be grown, but depending at 
the same time to a certain degree on the species of 
trees. The same reasons detenoipe ^hjB distance 
of the trees in the lines, which may var^ from 3 
inches iq 2 feet, qt even 2^ feet, 

Fpr first planting the most customary mpthod 
is to make wjitlj a hoe small tranches 3 to 5 inches 
deep along a rope ; th3 plant is thjen put in its; 
place, and the soil is drawn on with the Jiand and 
well pressed down. The use of a b^etjier kind of soil 
for covering, or pf a spil paixed with ashes, is advan- 
tageous, as it will npt only draw the r,oo|is tp the 
surface, but wjU also accelerate tjie growth. 

Very small plants piay be put in like cabbagej| 
with a planting stick, in whijuh case, however, no 
superior kind of earth can be put roupd the roots, 
and great care must be taken to press the soil ijvell 
on the rpqts. 

S^corid transplanting. 

planting'^ *^*"^' ^ sccoud ti ansplanti?^, after the trees have 

attained the height pf 3 tp 5 feet, makep the cultiva* 
tion unnecessarily expensive, and can only be warran- 
ted when it is contem.plp.ted ^o raise stately avenue or 
garden trees. 

Pruning of root^ and hvanches. 
Pruning of roots ^jj ^j.^ parts of the roots of plants should be 

and prancbes. ^ *^ ^ ^ ^ 

cut off with a ^harp knife. The clear cut will admit 
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water freely until such time as a new set of fine 
ii'oots have forn;ied ithpye the wouncj. It is therefore 
unnecessary to prune the roots of plants which hay« 
*been take^ out so carefully a9 not to cause dftmage 
^o any portion of the roots. 

JiTeither the roots i;ior the branches of Pi^es 
x^)ught to be pruned, as the resin in the tree closet 
jup quickly .every wound,. 

Pruning of the branches is accessary to restore 
the equilibrium between the roots aad branches, and 
^u soflae cases to guide the growth. 

A careful pruning of tljie roots of certain plants 
x^fteu tends to concentrate them into a small space, 
uud thus facilitate the transplanting process^ The 
pruning must be executed with a very sharp U);Sikru- 
ment, either pruning knife ojt' scissors, if the roots 
/are to be pruned for a second transplanting in the 
planting nursery, it is accessary to cut them so 
jshort that the newly sprouting roots, which always 
grow in a circle just above the cut, can be easily 
ftdmi]tted into the planting holes, 

Cutting down of plants. 

If the plants have suffered by drought, frost, of Sn^s^ '^^'''' 
mice, or cattle, the whole stem may be cut off, and 
a fresh coppice from the root form the new stem. 
This course i?^ay be pi^rsued if the plant sickens on 
poor soil, or under cover of larger plants or trees. 
If the top of a plant is to be cut off, great care should 
be taken to leave a healthy bud just below the cut. 
Brancljies must be cut so as to produce the smallest 
^vound ; roots have to be cut horizontally, parallel 
^'ith the bottom of the plant hole, 
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Meprodiiction hy means of cutthigs/ 
Reproduction by rj^^Q system of reptoclufition by means of ciit- 

iTioaTis of cut- ^ *' A •/ 

tings. ting is based on the fact that the buds fdinbed irt' 

autiiriaii hbld wilfhiW i^emselvdrJf drll* tlife material for 
a nfew spfecimfen' of the' samie species. Some species 
of trefel^ have the power to develope these bnds into' 
roots below ground/ gmd> undel* fhe infl\i'ehce of light, 
intd leaves above the surface. This power is most 
}?trongly developed in the Wilibw, Tamarisk and 
Poplat species. The* Sissd and other* p6^ess it to 
a considerable degree, and ar6 ttierefore capable of 
reproductioA by plaiitirig, 6r setting of twigs without 
robt^. To obtain this end before the trees begin to^ 
iF^prdut, We cut t\«^igs of pei^^d;ly-foriii(^d Wood in' 
such a manner ^s to have a bud or buds near both' 
ends,' 2lnd plkce them, standing, into loose, moist soir 
^Is iilches to a foot deep. TWigs a year old are 
b^^t adapted for this purpose. 

On very wet soil it may be necessary to plant 
larger cuttings ; 2' — ?. years old wood should be 
B^lected, arid ctttings 6—? fefet' high used. Th^y 
jshoul'd be plani^ed 1 — 2 feet deej>; and holes slibuld 

be'riittdeinto' the soil with ah'iroh or wooden pole. 

___ ' ■ ♦ • ' 

"Whett* the soil is vety hard, thfe liolesT hkve to b^ 
dug, anrf the yotirig seedliiig& must be' surrounded' 
with a superior kind of soil. It Will be found 
beneficial to* ^eep' good, rich ^strth gtroiind the 
seedlings above' ground wheri thd^ soil is v^ry wet, 
or when it alternates between excessive ihoisttire and^ 
dryness, and also on perfectly dry j^oil. By tllis^ 
iheans the buds above the Origirisll surfsfcce Wil4 be able 
to strike root in si drier place if the soil be unduly 
Wet. Oil Very dry spots this heap of superior soil 
prevents evaporation, and on alternating soil it 
causes the changes to be less rapid, and prevents the 
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cracking of the surface. Should it be found neces- 
sary to collect cuttings before the planting opera- 
tions can be undertaken, they should be taken to 
the place of cultivation, dug half into the ground, 
and shaded. Before planting it is well to half 
immerse the cuttings in water for a few days ; this is 
especially advisable if they have been brought from 
a long distance. 

The sine qud non of success is, that the buds 
in and above ground be perfectly undamaged, and 
that the earth closes firmly around the cutting, 

It is always advisable to make the hole with 
a stick, or if lines of Willows have to be planted for 
protection against the river, the best way is to dig 
a ditch with a slanting side, place the cuttings 
on it, and re-fill the ditch. Under no condition 
should the cuttings be stuck into the soil without 
a hole being previously made with some kind of 
instrument. It is a mistake to leave a dispropor- 
tionate number of buds above the soil, and if tall 
cuttings are planted, it is well to pick off some of 
the lower buds. The best time to set cuttings is the 
early spring, or the rains. 

ReproduGtion hy means of layers. 
This method is based on the same physiological Reprcdacf onty 

/* I Ai IP iT J 'lii .means of layers, 

fact. A branch oi a standmg tree is bent down- 
wards and buried into the ground with the ends 
protruding above the surface. The branch is left 
thus till roots are developed under ground, and is 
then separated from the mother tree. This method, 
called in French Marcottage, though hardly of 
any val^e to the Forester, is of great use in gardenings, 
or for the propagation of foreign trees which either do 

I 



58 



CHAPTER I. — ARTinCIAL CULTIVATION. 



not bear, or are too young to bear seed ; or, if it be 







■y 



'^- --.Vi-^Jt^ iO.-' 



means 

and budding. 



found difficult to procure seed, the branch may be 
conducted through a flower pot or box filled with 
earth, which facilitates the future transplanting. The 
early spring is the best time for the burying of 
layers. 

Reproduction by Reproduction hy means of qraftinq and budding. 

deans of grafting -»^ "^ J v t a i7 

The object of this method is to reproduce the 
good qualities of one variety, on plants of the 
same species — qualities impossible to reproduce by 
n^pans of seed. Grafting is usually resorted to when 
the plants cannot be raised from cuttings. It 
depends also on the capability of the bud to produce a 
new specimen. Success is only then ensured if heed 
be taken that the different parts of the graft or bud 
come into close contact with the identical parts of 
the tree on which they are to be grafted. 
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Particular care must be taken that the cam* 
bium contained in the graft touches the cambium of 
the tree, and that external air be excluded from the 
wound. If this is observed, the wood-forming sap 
descending from the budding graft, or bud, will 
form cells sufficient in number and size to close the 
wound and to establish the normal circulation of the 
ascending and descending sap. 

The following are the instruments and materials' 
wanted for the grafting process : — 




1. A small sharp hand-saw to cut the trees or 
branches intended to be grafted. 

2. The grafting knife for cutting and setting 
the graft or bud ( See figure ). 

3. The ligature to keep the graft or bud in its 
place. The best and most elastic ligature is 
coarsely-spun wool. For thicker branches or stems, 
however, the bark of trees soaked in water before 
being applied may be used. 

4. A compound composed of several ingredi- 
ents to keep the air from the wound. The simplest 
is cow dung and loam, which cannot, however. 
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always be recommended, as during hot, dry weather 
it is liable to crack and to let in air. During the rains, 
^arts of it are easily washed off, and many small 
insects are attracted by it, and breed between it and 
the bark. Resinous mixtures have none of these 
drawbacks, but they niust be made so as to be able 
to' resist the powerful influence of the sun. 



I annex a good recipe : — 




jL lucn .••• ... ... 


28 parts. 


Resin 


28 „ 


Bee's wax 


16 „ 


Tallow 


14 ., 


Sifted ashes 


14 „ 



This Ynixture is made just liquid over the fire and 
applied with a brush. 

Budding. 

The setting of a sleeping bud may be either 
done with one bud or with a flute-like piece of bark 
with two or more buds on it. A short explanation 
will sufiice, as both methods are best explained by 
the accompanying drawings. As a rule, trees are 
budded when young, and only then when they are in 
sap, either in spring or autumn. 

Healthy buds in the axis of a leaf are selected 
and carefully detached from the branch inform of a 
shield, in such a majiner as to preserve intact the 
knot of cellular tissue which is found below the bud. 
If this cellular tissue is not perfectly preserved, it is 
useless to set the bud, as the power of development 
is lost. It should be mentioned that the grafting 
bud must at once be placed into wet moss. The 
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bark of the tree to be budded is then cut in foml of 
a T down to the splint, and both sides are loosened 
with the lower end of the grafting knife. The bud is 
placed into the incision, and the ligature and resinous 
mixture are applied. They are taken off as soon as a 
swelling and the growth of the bud indicate that a 
sufficient connection has been established between the 
bud and the stem. 

If the budding takes place in spring, the 
stem is cut just above the bud, immediately after 
the operation is finished ; but should the budding 
be undertaken in autumn, the cutting must be 
deferred until the following spring. When the 
operation is to be executed in autumn, the 
leaves in the axis of which the bud has formed 
must be pinched off a fortnight before the inocula- 
tion takes place, as this will facilitate the separation 
of the bud from the mother tree. When the new 
shoot begins to form, care must be taken to protect 
it against the influence of winds, which are apt to 
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tear it o£F. Tf, however, a flute-like piece of bark, 
■with several buds attached to it, is used for the 
budding process, this danger is to a certain degree 
obviated, but the method requires much practice and 
care. The branches from which the buds are taken 
must be of the same thickness as the tree or branch 
about to be grafted. A piece of bark bearing 




several buds is loosened from the grafit, and a piece 
of the same dimension, without buds, is detached 
from the tree to be budded. The piece of bark 
from the graft is accurately fitted into the ■wound, 
the ligature is applied, and the air is kept out by 
covering it with the resinous fluid. Trees or branchea 
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are cut above the buds in spring only, exactly aa 
described before when treating of the single bud. 

Another way may be mentioned here. A 
branch of equal dimensions as the tree to be 
budded is buried for a fortnight in a shady place. 
The tree is cut down and an inch of bark is 
detached all round An inch of bark in form of a 




'flute and bearmg buds la then taken from the graft, 
drawn over the stem of the tree in place of its own 
bark> and the wounds closed with the resinoua 
mixture. This operation can only be executed 
during spring, as it entails the cutting of the tree or 
branch before inoculation. 

Graftiko. 

We may graft either into an incision made into 
the wood, or without wounding the wood portion of 
a tree. 

Thefirst method may be used either in autumn or 
spring, and this constitutes its chief advantage. The 
graft should be about four inches long, and have a 
bud on the upper end. The lower portion of the graft 
is then cut slantwise, and a similar incision is made 
into the tree, taking great care not to injure the 
bark. The twig thua prepared is placed into tha 



Vi 
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incision, so that its cambium comes into close 
contact with the cambium of the tree. The ligature 
and resinous fluid are applied and taken off when 
the graft begins to grow. There are varieties to 
this method : graft and incision may ba made 
triangular, or in form of a zigzag, as shown in the 
drawings, but the execution remains the same. 



Grafting without making an incision in the wood 
can only be executed when the vegetation is far 
enough advanced to admit of an easy separation oi 
the bark irom the wood. The branches or tree to 



-ARTIFICIAL CULTIVATION. 



be grafted are cut, the barb is laid open Tertically 



I 



down to the cambium, and ■ the sides of the incision 
are loosened. The graft must be cut slantwise, so 
that it terminates in bark only ; it is then placed 
into the incision in such a way that the wounded 
side touches t^^*-^"^Wmn of the tree. The 
ligature atfe employed tipa is then applied. 

The gi'Y'*^'?, '"^^"'^Seset on a side root of the 
tree from win^iiti is Miken A new specimen of the 




same tree may thus be produced though other 
varieties of the same species may not be obtainable. 

K 
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The last method to be mentioued here is the 
joining together of two standing trees of the same 
species by wounding both in a precisely similar man- 
ner and tying the wounds together. 

Systematic plan of cultivation. 

offfiatlon!^'''' Before cultivation is undertaken, all prelimi- 

naries should be settled and a system for the cultiva- 
tion drawn up. Safety belts must at once be laid out 
wherever thejf are required, and draining or watering 
arrangements m^st be completed before the actual 
work is taken in kand. Sowing and planting nur- 
series ought thoB to.i)e laid out on the most suitable 
spots, and every thin^ arranged with foresight and 
prudence. 

Nothing endangers future success of cultivation 
so much as undue hur *. even if the increased cost 
be not taken into ace When very small plants 

are used, in order to ^ a year or two, or when, 
for the same reason Uijid^f -^H lings are takeii 

out of the fore^- ^ - ,^^ t will be to 

retard the entire cii .. ^ i repairs and 

replenishings will' be /^ '^.--s^.^.^ seedlings are 

more susceptible to the uciemency of the weather 
than stronger plants. Provision for the immediate 
replenishing of the cultivation ought to be made 
in the beginning of the operations, and this is 
accomplished by growing the plants dense enough on 
good selected places to yield planting material. 

A combination of sowing and planting is often 
advisable, as well as a combination of either, or both, 
with natural reproduction. I cannot warn too stren- 
uously against the rigid adherence to one method,, 
and especially against a repetition on the same spot 
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where that method has failed. The error of this 
proceeding will be most apparent where sowings have 
been executed ; for here the soil gets covered with 
weeds and grass and generally deteriorates, and with 
every new attempt the success of the cultivation be- 
comes more uncertain. 



Cost oj cultivation. 

A point of great importance is ihe cost of cul- . Costof cuitira- 
tivation. After the manner has been decide^ upon, 
a plan of operation for the actual cultivation has to 
be made. The Executive Officer has to decide when 
he intends to begin work, and in what direction he 
will work. He must also make up his mind how 
many laborers he intends to egiploy for each branch 
of the operation ; for it is with.|^ulTtivation as with any 
other kind of work — ^its ch ;{yj(^ss depends on the 
proper division of labor, y^ a,^^ t^e removal, transport 
and planting of materiaL^ij.^ / combined that all the 
workmen are employed t<^p 7pr,jt;he cost of labor 
will be materially reduce,^. : ^ j^^ the Executive in 

direct charge will receivfj.^^Y yyi kudos. 

I'. 
The utmost thriftinesl' llfi the execution of cul- 
tivation should be observed, but not to such a 
degree as to retard or impede the work in any way. 
In fact, the work must always be our first considera- 
tion, and the cheapest labor is that which turns out 
a success. Annexed is a list of different descrip- 
tions of works and the cheapest way to execute them. 

1. The most economical way to have earth- 
work done is by contract ; but if it is found neccs- 
^sary to have it executed by daily labor, strong and 
able-bodied laborers should be employed. When 
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nurseries are to be prepared, it is always advisable 
to have it done by daily labor. 

2. Sowing of seed in lines or places is best 
done by grown-up boys or women. Not so broadcast 
sowings, which require strength and a certain mani- 
pulation ( daily labor to be employed ). 

3. The actual digging up of plants, as well as 
the pruning, should always he entrusted to expert 
and strong laborers (daily labour to be employed). 

4r Wagons are, of course, the cheapest car- 
riage for transplants ; but when this is not feasible, 
strong laborers ought to be employed, or the trans- 
port may be given in contract. 

5. The carriage of single plants to their respec- 
tive places is cheapest done by boys. 

6. The planting, especially of plants without 
earth, is best done by women, as it does not require 
much strength, but only care and gentle manipula- 
tion. This is the most important portion of the cul- 
tivation work, and should always be done by daily 
labor. Another point must not be omitted. Good 
implements will considerably lessen the cost of cul- 
tivation. If they are not properly steeled and sharp- 
ened, much time, labor and money are lost, and in 
the end it will repay Government to buy proper tools 
and to pay for keeping them in good working order. 

Before the beginning of the new official 5''ear, 
accurate proposals of all intended cultivations 
should be sent to the Conservator for approval, to- 
gether with an estimate of cost. This should be done 
in an easily revised tabular form. To facilitate this 
proceeding, I give, in conclusion, a useful form and 
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tables of costs of the most common methods of culti- 
vation. 

To dig one acre of nursery 1' 6" deep, and to 
prepare it like garden land costs: — 



For bdr land 



... Rs. 113 



For moist soil Rs. 66 14 2 

On sailkba land a plough may be used "with advan- 
tage, and the preparation of one acre will cost only 
Ks. 12. 

One coolie can sow 500-600 square feet ot 
nursery per day. 

To dig 1,000 running feet of trenches one 
foot deep by one foot broad, and to throw the earth 
up as a ridge for sowing, costs Re. 1-12-0 to Rs. 2. 

One laborer can prepare for sowing 800 running 
feet of this ridge per diem, and one man can sow 
1,650 feet 



Statement showing the number of holes of different dimensions 
in dry and moist soil thai can he dug by one coolie per diem. 



On Bae land. 


On Sailaba land. 


Moist soil. 




Dry 


soil. 




Moist soil, 
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StcUement ahomng the number of treee of different di7nen9iong 
with cmd without earth that can be dug out by one coolie per diem. 



On Bab lakp. 


On Sailabalaxd. 


With earth. 


Without earth. 


With earth. 


Withmit earth. 




40 


28 


24 


700 


500 


250 


200 


100 


65 






500 


300 


100 




75 


40 


25 


50 



Statement of trwieport of plants toith and toUhout earth by 
bashetf hand-barrow, and wheel-borrow. 



Description of 
carriage. 



Basket 



•• 



>i 



fiand-barrow 



M 



» 



II 



Wheel-barrow 



Basket 



»i 



Hand-barrow 



Wheel-barrow 






Ftinc 

1 

1 6 

2 0\ 
2 6 
1 

1 6 

2 
2 6 
1 

1 « 

2 
2 6 



s 



194 
168 

• ■ 

216 
144 

• ■ 

128 
90 
64 
32 



.1 



1 
1 6 



16,000 
12,000 



2 7,800 



II 



2 f» 

1 

1 6 

2 
2 6 
1 

1 6 

2 0| 

2 el 



4,600 
25,000 
22,500 
12,000 

9,000 



96 

88 

• • 

108 

■ • 

72 

70 
60 
40 
18 



7,000 
6,500 
8,900 
2,250 
12,500 
11,250 
6,000 
4,500 



68 

57 

B 

70 

48 

48 
45 
24 
13 



4,500 
4,000 
2,600 
1,500 
8,250 
7,500 
4,000 
3,000 
Same 



48 



42 



60 



36 



36 
:;8 



45 

86 

43 

29 

20 
21 



94 



t 



20 


16 


9 


7 


4,000 


8,500 


3,200 


2,200 


1,950 


1,620 


1,200 


900 


6,250 


5,100 


5,500 


4,500 


3,000 


2,400 


2,260 


1,800 

1 L 



80 

80 

30 

19 

20 

15 

12 

6 



3,000 
1,600 
1,300 
600 
8,000 
3,600 
1,600 
1,200 



24 
18 
21 
14 

• 

16 
12 

8 

3! 



U 

12 

12 

9 

• 

12 
8 
6 
2 



Remarks. 



With earth 
one man 



» 



II ji 

With earth 
two men. 



i» 



n II 

With earth 
one man. 

H II 



as bas'ket. 



2,000 
1,200 
1,040 

450 
2,000 
2,700 
1,200 
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1,000, 
800 
780 
300 
1,500 
1,800 
800 
600 



Without earth 
one man. 

II II 

II II 

II II 

Without earth 

two men. 



II 



II 



11 



II •» 

Without earth 
one man. 



Plants without earth arc usuallv tied in bundles and carried on the hea<l. 
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Statement showing tJie member of plants of different sizes 
a cart will holdf and the number of times it can go tite 
distance of one mile. 
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Statement showing the number of plants of different sizes 
that can be planted by one man per diem with earth. 



On Bab land. 


On Moist sailaba. 
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With the peg on previously irrigated land one 
man can plant 130 transplants without earth per 
diem. 



\ 



One laborer can prepare 700 cuttings per day, 
and one man can plant in moist soil 400 of them in 
a day. 

One Bhisti can water between 500 and 600 
transplants per day if the water is on the spot. 
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.Natural Reproduction. 

Definition of the term ^^ Natural Reproduction,^^ 

Natural reproduction includes all reproduction th?^ term°"^' Na- 
bv means of seed shed by mature trees in the forest, *?^*\, Reproduc- 

. . ^ ' tion. 

or b}^ means of coppicing from the roots of cut 
trees, or by a combination of both. 

Instances when natural reproduction is advisable. 

Trees which require much protection during ^^^^^J^^^^^pj.^^^^ 
their youth, such as Cedrus deodara, may be ^^^^ ^^ ^^^s^^^®« 
reproduced with advantage in a natural way. The 
same course may be adopted with other trees in 
exposed positions, and if the cuttings are executed 
by selection. It may also be recommended on steep, 
stony and rocky slopes; further, where labor is 
scarce, and on places where a good young growth is 
already standing. 

Instances when natural reproduction is impossible. 

Natural reproduction is impossible on extensive l"fjS"^^^r^u ^ 
blanks, or where the species of trees forming the^ionisimpossibie, 
mature forest are to be changed, or where the trees 
are too old to bear seed or to coppice, or where the 
condition of the gi'ound or nature of its covering 
does not admit of the germination of seed and the 
growing of small seedlings. The soil may be too 
wet or too dry, too hard or too densely covered with 
weeds. 

Management of naturally reproduced forests. 
The management of naturally reproduced forests ^^^^^^^^"^^^^^^^ 
is divided into two great classes. The first is called ^^^^ forests. 

h 
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the High Forest Treatment^ when the forest is repro- 
duced by raeans of seed ; the second is called the 
Coppice Forest Treatment, when the reproduction 
dfirpends on the coppicing of the stock. A combi- 
nation of both methods, that is to say, when reproduc- 
tion is achieved partly by seedlings, partly by 
coppice, is called coppice under standard trees. 

High Forest Treatment. 

High Forest The first Condition to insure reproduction by 

means of naturally shed seed is to allow the trees 
to grow up to maturity until they will yield produc- 
tive seed. A.'' preparatory cutting'' to strengthen 
the trees, or to prepare the ground, should then be 
made ; and v/hen this has been accomplished, a 
second cutting must be made, in order to admit 
enough light and air into the forest to allow the 
seed on the ground to germinate. After the young 
seedlings have sprung up, one or more new cuttings 
may be made to encourage and strengthen the young 
growth by a further admiasion of light. As soon as 
the young growth seems strong and dense enough to 
expand into a new forest, the rest of the old forest 
must be cut down. 

Preparatory cutting. 

Preparatory cut- The trees in a forest may be full grown but 

still bear no seed on account of their close growth ; 
and if such a forest is to be reproduced, a judicious 
thinning out, or preparatory cutting is advisable, as 
it will promote the formation of seed. 

The formation of roots in a dense forest is 
not sufficiently vigorous to afford the necessary 
support should the forest be severely thinned, and 
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the trees suddenly deprived of their mutual support* 
It is therefore always dangerous (and on exposed 
positions impossible) to begin at once with a cutting 
severe enough to allow the germination of seed. 
Not only would the standing forest be endangered, 
but natural reproduction would be rendered impos- 
sible after the regularity of the old forest had been 
destroyed. A " preparatory cutting" is required here 

to strengthen the power of resistance of each indivi- 

ti 

dual tree. 

The soil in a dense forest is often covered 
with a thick layer of leaves? and mosses which some- 
times prevent the small roots of the seedlinors to 
penetrate the soil. Here, again, a preparatory cutting 
must precede the cutting necessary to promote 
gfermination. The free admission of air, liofht and 
moisture will accelerate the decomposition of the 
obstructing layer. 

Further use of preparatory cutting. 

Trees of a less valuable species are often found further use of 
intermixed with those we Avish to cultivate. In ting, 
such cases, many of the inferior trees are removed by 
means of a preparatory cutting, and the more valuable 
ones are left in the forest as parent trees. 

If the seed crop of a year fails, the cutting 
for germination of seeds must be omitted ; but as we 
have still to supply the markets and dep6ts with 
timber, the preparatory cuttings of a forest, which 
will be the next for reproduction, must yield the 
necessary material. 

Rules for preparatory cutting. 

The severity of the preparatory cutting i^^^es for Pre* 
depends on various conditions. For instance, if by ^^* ^ ^ ^"^* 
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means of preparatory cutting we wish to promote 
the formation of seed in backward trees, we must cut 
severely, less so if the trees have already begun to 
bear fruit. We must also have recourse to a more 
severe cutting if we purpose to decompose a cover of 
leaves and mosses. If we only want to loosen a soil 
which has deteriorated and hardened through the 
removal of leaves and humus {streunutzung), a more 
lenient cutting will sufBce. Under any circumstances 
the clearing should never be so severe as to cause the 
formation of a grass cover. 

The preparatory cutting should never extend 
over a greater area than may easily be put under 
natural reproduction, otherwise it will lead to the 
deterioration of the soil. 

In weak and very irregular forests a repeated 
lenient preparatory cutting may be advisable. 

An indispensable condition to the success of 
natural reproduction by seed is the careful protection 
of the leaves, moss and humus cover in the forest, for 
some years at least, before the natural reproduction 
begins and during the whole period of reproduction. 

General Rules for cutting to promote the germin- 
ation OF SEED. 

/, Direction of cxMing. 

a. All cutting in a forest must begin on the 
I. Direction 01 sides protected against the prevailing storms. We 
must, so to say, cut against the wind, and the most 
exposed portion must be taken in hand last of all. 
This precaution is especially to be observed in coni- 
ferous forests, as the pines, with their tall trunks, 
perennial leaves and shallow formation of roots are^ 
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more susceptible to the ravages of storms than 
deciduous trees. The precaution is, however, equally- 
necessary as regards canal-irrigated or inundated 
forests, 

5. A protective belt should be left (or even 
created before the cutting begins) on spots exposed 
to the hot, parching winds in the plains, or to the 
frosty breezes and avalanches in the hills. 

c. The cutting must be executed in such a 
way as to facilitate the entire covering of the soil 
with seed, which can only be achieved by an equal 
distribution of the seed trees. 

d. The line of cutting must proceed in such a 
direction as not to endanger the seedlings which 
have already sprung up during the removal of tim- 
ber. In hill forests, we must therefore not begin 
our cutting close to the river- side, as all the timber 
of future cuttings would necessarily have to be trans- 
ported through the young growth of the previous 
years* 

77. Amount of cutting. 

In a regular mature forest, the crowns of trees Ji* ^^^^^^ ^^ 
form a dome under which little or no vegetation is to 
be found When natural reproduction is contem- 
plated here, we must cut, over the entire area to be 
reproduced, enough trees to admit everywhere light 
and dew suflScient for the germination of the seed 
and the first growing of the young plant. DiflTerent 
species of trees and different soils and situations 
should also determine the amount of cutting, 

a. The young seedlings of the generality of 
trees require more or less protection against sun, 
wind, cold and drought ; the amount of cutting must 
therefore vary according to their different require- 
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ments. Some plants, like the Deodar and Tiin, 
will often wither away if suddenly exposed to 
the influence of the sun and drought ; others, like 
the Pinus longifolia, may spring up in a shaded 
forest, but; disappear again during the first year of 
their lives. 

b. The cutting must be somewhat lenient 
on soils which have a tendency to be overgrown 
with grass or weeds, or which are inclined to dry up 
rapidly. 

' c. In a rough climate, where frost is apt to 
endanger the young growth, the cutting must not 
be as severe as in milder regions. * Thus it is neces- 
sary to cut leniently on North and East slopes, and 
more severely on south slopes. There is another 
rea^^on why a larger amount of trees should be cut 
on a South slope : a dense growth overhead prevents 
the dew and rain-fall, which is especially wanted on 
the warmer south side. 

///. Manner of cutting. 
Ill Manner Souud trees, with regular but small crowns, 

of cutting. ' o f 

should be left as seed trees. They must be distri- 
buted as equally as possible over the entire area, and 
should be selected with the greatest care and by a 
responsible officer, as the whole success of the 
natural reproduction may depend on this selection. 
Trees whose very dense crowns overshadow the 
ground ought to be cut, as well as very large trees, 
which would destroy during the process of felling a 
larger amount of young growth than trees of a smal- 
ler size would. In deciduous forests the selection 
should take place when the trees are in leaf. The 
time of cutting must be regulated in such a manner 
-that the whole forest is cleared of timber before tho. 
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seed-fall. The soil recently disturbed by the cut- 
ting, logging and transport of timber will form an 
admirable receptacle for the falling seed. The 
removal of the stock of felled trees increases the sus- 
ceptibility of the soil, and is always to be recom- 
mended, except in positions much exposed to storms, 
as the roots of standing trees are often inadvertently 
cut off with those of the old stock, and the trees lose 
by this means some of their power of resistance- 
Artifical help, such as scratching in of seed, loosen- 
ing the soil, driving in of sheep, rooting up of weeds 
here and there, are always advisable and often 
necessary. 

Cutting to strengthen the plants. 

In the course of their growth and development. Cutting to 
the young plants require an increased amount of light piantl. 
and dew. In opposition to this want, the crowns of 
trees in opened-out forests exhibit a tendency to 
close overhead ; and if the axe is not made use of to 
succour the young growth, the seedlings would soon 
lose their dark green color, turn yellow, the buds 
would grow thin and small, and probably the plant 
would perish altogether. 

The second cutting should never be delayed 
until the appearance of these symptoms. If on 
account of one or more of the above-named reasons 
the first cutting has to be executed in a lenient man- 
ner, it must be followed up by repeated and careful 
cuttings with a view to strengthen the young growth 
and accustom it to an unprotected situation. This 
method of reproduction may extend over 20 and 
more years. One cutting to strengthen the plants 
is often sufficient, and the entire reproduction will 
be accomplished in about 10 years. Other trees 
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can, under favorable conditions, be thinned out at 
once so severely, that a further cutting before the 
clear cutting is unnecessary, or the forest may at 
once be cut clear in small narrow strips adjacent to 
the mature forest. Natural reproduction of great, 
broad clear cuttings cannot be expected. 

Clear cutthig. 
Clear cutting. After a certain time the young growth is able 

to resist without further protection the influence of 
sun, drought and frost, especially after the plants 
have grown above the line of dew. Thickets now 
begin to close, and the blanks which may still be 
found on the area will be so overgrown with weeds 
and grasses that no further natural reproduction can 
be expected. This is the time when the last rem- 
nant of the parent forest must fall, to allow the new 
forest perfectly free scope for its development. 

Necessary precautions to he observed during cuU 
inga for strengthening the plant Sy and during 
clear cuttings. 
Toung growth. rpj^^ young growth which has sprung up after 

the first cuttings ought to be protected against des- 
truction during subsequent cuttings. For this pur- 
pose the branches of the trees about to be felled 
must be previously cut, and the time for felling 
carefully selected. The best time is when the 
entire ground and the plants themselves are covered 
with snow, and the temperature is mild. Very cold 
days, especially if little snow lies on the ground, 
are to be avoided, as the plants are brittle, and 
suffer with each touch. The early spring, too, when 
the plants are beginning to shoot, must be avoided. 

All material must be brought as quickly and 
as carefully as possible on the nearest road, ride or 
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slide ; delay only increases the unavoidable destruc- 
tion. 

Treatment oflKe area after clear cttttihg. 
All blanks have to be filled up with transplants Treatmentofihe 

1111 ^^'^^ ofter clear 

to secure a complete forest, and not a^ spot should be cutting. 
omitted on which a plant can* grow. The more 
valuable species of trees have at once to be protected 
and fostered^ and' seedlings of minor value must be 
pulled out, especiallyif they impede or endanger the 
growth of the superior species.. 

Cbnclusian. 

During the whole period of reproduction, from conclusion. 
the time the first seedling sprouts, till a complete 
thicket has formed, the forest must be closed against 
cattle-grazing, cutting of grass, and collection of 
all other minor produce. In fact, an absolute exclusi- 
on of every disturbing infl:uence must be strictly 
maintained. 

Treatment of mcomjylete and irregular forests. 

We have discussed in former paras, the treat- Treatment of in- 

^ complete and ir- 

ment of regular high forests under reproduction, regular forests. 

In irregular forests, we find on the same area trees. 

of all ages and sizes interspersed with blanks.. Most 

of our Panjiib hill forests present this aspect. 

To restock such a forest, we have to manage it with 

a view to future reproduction, long before the time 

for such reproduction has actually arrived. 

The preparatory treatment consists: — 

1. In fostering the superior species of trees, 
especially those of the age required: for reproduction. 

2. Patches of younger trees of the fostered 
species should be forced to maturity by means of 
severe thinnings. 

M 
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3. A closing overhead should be attempted, 
and when this cannot be done with the means at 
our command, the ground must be preserved from 
deterioration by artificial cultivation, even of inferior 
trees. 

4. An irregular forest should be closed against 
cattle at the time when the first preparatory step is 
taken, and the prohibition must not cease until the 
whole reproduction is a fait accompli, 

5. Humus and leaves should never be removed 
till the whole forest forms a thicket of a more uni- 
form acre. 

6. Preparatory cuttings have to be executed 
with special care and the recultivation of all consider- 
able blanks must be taken in hand at the same time ; 
weeds have to be removed on places where there is 
sufficient light to admit of natural reproduction, and 
the soil must be prepared with hoe and rake for the 
ready reception of the seed. 

In fact, nature has to be assisted in every 
possible way. 

Cutting for germination of seed. 

Cutting forger- On plots of mature trees, or where mature 

trees prevail, a separate cutting for the germination 
of seed should be executed. This cutting however 
must not be as severe as in a regular forest, for these 
groups standing separately, admit side light in pro- 
portion to their dimensions; each group in an irregu- 
lar forest requires the same precaution aojainst 
storms, dry or cold winds and sun as already men- 
tioned tor the protection of regular forests. 

As a rule, the stronger trees in a group should 
be cut down in preference to the smaller-crowned 



mination of seed. 
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trees, As the removal of a few of them admits a 

greater amount of light and air than the removal of 

i double the number of small ones would. The smaller 

trees left standing will increase more rapidly in bulk 
than the large timber if left on the ground. 

More vigorous efforts must now be made to 
insure a total covering of the ground; hoe and rake 
must be in constant requisition, and wherever the 
natural reproduction does not come up, sowing and 
planting have to replace it. Our sole aim must be 
to cover the soil and to prevent further deterioration. 
No young trees, even if undersized or stunted, should 
be removed if we are not certain to be able to replace 
them immediately by young growth. 

Cuttings to strengthen the growth. 

The same rules which apply to a regular forest J^^l^^l the 
under that heading, are applicable here to every growth. 
isolated plot of trees. We must now have recourse 
to planting and sowing of quick-growing, albeit less 
valuable trees. 

Clear Cutting. 

As soon as a thicket has formed, though it may clear cutting, 
not be of an equal height or age, the parent trees 
have to be cut, and every blank must be filled up. 

It is decidedly wrong to sacrifice a certain 
reproduction for the sole purpose of attaining a 
greater equality of age in the newly-created forest, 
as it is perfectly easy to procure the desired regu* 
larity in the second rotation. 

Mixed Forests under High Forest Treatment. 

Nature undisturbed by human interference 
created almost invariably mixed forests. Exceptions 
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acre^onlyfound in the far North/ or on considerable 
elevations where the great variety ^of vegetation 
ceases, or where the peculiafrities of the ^soil allow 
the thinning of particular species <xily. 

We must not fail to profit by nature's own 
teaching ; and though forests • of one species 'have 
many -advocates, the advantages of mixed forests ar^ 
mideniable. 

1. Mixed forests are safer from destruction by 
insects. 

2. The formation of theroots of different trees 
varies, and ra mixed forest has therefore a greater 
power of resistance against storms. 

3. The reproduction of mixed forests is, as a 
rule, much easier ; for when one species of tree fails, 
the Other is sure to spring up, and such trees as 
.require protection during the earlier stage of their 
lives find it in the young growth of other species 
growing ^p with them. 

4. As the soil is apt to deteriorate under trees 
with thin foliage, an intermixture is always attended 
with happy results. The soil is not only protected 
and better adapted for re-cultivation, but the growth 
of the individual tree is much more considerable. 

5. In many cases fires are prevented by inter- 
mixture, or, if they break out, they are much easier 
extinguished. 

6. The out-turn of material is very often greater 
as well as more varied. 

Mixed trees, in order to grow up together with 
advantage in one forest, must — 

1. Flourish in the same climate and on the 
same soil. 
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2. Gtow to mattirity at the same period. 

3. Require a similar treatment. 

4. And, if possible, grow roots of different for- 
mation. 

Rules of treatment. 
The greneral rules for the treatment of mixed ^^}^^ of treat- 

o ment. 

forests are the same as those for regular pure forests, 
except that the trees of the more valuable species be 
fostered in preference to others. 

Standard trees. 

A certain number of old trees per acre may be standard tices. 
left standing on the ground when the rest of the 
parent forest is cut. These trees are allowed to 
grow up with the next rotation, and are called 
standard trees. The climate and soil must suit the 
trees intended for preservation ; the position must be 
protected against storms, and the trees must be 
sound, and ought not to have large crowns. Trees 
with thin foliage, such as Pinus longifolia, are par- 
ticularly adapted for standard trees, and species that 
do not suffer much from shade over head, such as 
Deodar, are best grown under standard trees. 

Cutting by selection. 
Description of cutting hy selection. 

Cutting by selection is the oldest and most Description of 
natural way of utilizing a forest. The method, if it^;'|;^« ^'^ '"'""- 
may be called so, consists in cutting those trees which 
are required for the nonce. As long as the forest 
has only to supply the wants of a small forest popu- 
lation, the disadvantages of such treatment are little 
felt, or do not exist ; but when markets have to be 
supplied and dep6ts to be stocked, the consequences 
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begin soon to exhibit themselves. The strongest 
timber, generally of the most valuable kind, is cut 
down ; the reproduction is left to accident; and the 
care of the Forester consists solely in getting the 
wood as cheaply as possible to the market, and selling 
it at the greatest profit Such was, within the last 
few years, the treatment most of our Paiykb forests 
were subjected to, and, I believe, are still subjected 
to in some places ; and we observe incomplete, 
irregular, devastated forests with only partial repro- 
duction. Such forests belong, according to our defini- 
tion, to the high forest class. They are reproduced 
by means of naturally-shed seed ; but the trees of 
different ages are mixed up on the same areas, and 
blanks overgrown with weeds abound. 

The disadvantages of cutting by selection* 

The disadvan- The reproduction being left to nature, a failure 

by^sdection^ ^^^ in the sccd cTops causcs often blanks. Places where 

trees have been cut get over-grown with grasses and 
weeds, and the seed of subsequent years, though 
abundantly shed, falls amongst weeds and thorns, and 
does not germinate. The young plants may be in 
the middle of a great blank, and have no protection 
whatever, or they may be smothered by the old trees. 
The cutting and transport of old trees destroys 
unavoidably great numbers of young seedlings, be- 
sides damaging small trees. The roads and slides 
must be more numerous than in a regul^ forest, 
whereby much space is lost. Cattle which endanger 
a regular forest only during the time of reproduction, 
perpetrate the utmost mischief in a forest cut by 
selection, and must be kept out altogether, or they 
will destroy much of the young growth. Supervision 
of utilization^ as well as of artificial cultivation, is in 
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such forests much more difficult, and it is impossible 
to ascertain accurately the yield of a forest under 
this treatment. 

In some cases an uninterrupted protection of the 
soil is required to prevent landslips, or a forest cannot 
be cut, as it protects fields and forests below against 
avalanches, or serves as a belt against frequent storms. 
Under such conditions alone must we adhere to the 
method of cutting by selection. Forests requirino* 
such a treatment are generally of small extent ; the 
reproduction is here the first question, and little or 
no heed is taken of the out-turn. 

We begin by felling trees in the middle of the 
forest, and do not proceed with the utilization before 
the reproduction is secured by natural or artificial 
means. The branches of adjacent trees are often 
cut long before the trees are felled, to give liorht and 
air to young growth, and all .possible precautions 
are taken to prevent damage while the trees are 
being felled. 

Necessity of regularity in, and changing of, cutting hy 

selection. 

When (as is the case in this country ) great Necessity of re- 
forests are still subjected to the treatment of cutting ftSg^of, cut! 
by selection, it must be executed with a view to ^''^^ ^^ ^^^^^*''^''' 
establish a uniform and simultaneous reproduction. 
The first step in this direction is to divide the area 
of the forest into working compartments in accord- 
ance with the average age of the prevailing class of 
trees. The compartments which contain the oldest 
and strongest trees are utilized first, and the others 
are only cleared of decaying timber and diseased 
trees. The annual utilization should be restricted 
to the smallest area possible, and should be concen- 
trated to oiif^prtion of the forest. 
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All rules enumerated under ^'Regular and Irregu- 
lar High Forest Treatment " should be most carefully 
observed. Groups of mature trees on good soil ought 
to be thinned when a seed year is indicated^ so as to 
allow the germination of seed ; young growth is to 
be fostered, and old trees imist be removed where 
they oppress it, ani thickets thinned. Preparatory 
cuttings, cuttings fgr the germination of seed, cuttings 
to strengthea the young growth, clear cuttings, 
and thinnings, are therefore executed on the same 
area with a view to equalize the character of the- forest. 
The other rules as regards protection against storms, 
care in felling and removal of material, are the same 
as mentioned above under High Forest Treatment.. 

No grazing must be allowed till the forest has 
gone through the entire process of reproduction, and 
all blanks should be filled up with artificial cultiva- 
tion. In spite of. all these efforts, even if every 
compartment be treated in the above described 
manner, we cannot expect at once a regular forest, 
though an improvement in the entire aspect must soon 
be apparent. The result will be a close forest, com- 
posed, no doubt, of trees of various ages, but which, 
nevertheless, may be reproduced in the form of a 
regular and complete High Forest. All oui hill 
forests should be treated according to this plan. 

Coppice Forests, 

Definition. 

uefinition. AH trecs witli thin, watery sap, and complete 

spiral tissue, have the power to coppice, after cut- 
ting from the roots or stock, and on this capacity the 
coppice treatment is based. The power of repro- 
duction varies in the different deciduous species, and 
also with the age of the tree. In a young or gi*ow- 



CHAPTER II. — NATURAL REPRODUCTION. 89 



ing tree it is developed most powerfully, and is lost 
again in old age. Some species of trees reproduce only 
from the stock left above ground ; others reproduce, 
from the roots as well. The latter will nearly 
always re-coppice throughout the entire period of 
their existence, whereas the former copjuce only for 
a certain time. 

Sun, light and heat are absolutely necessary for 
reproduction. In spring, as soon as the sap in the 
roots begins to move, it must necessarily ooze out 
of the cut, but under the influence of sun and heat 
it will soon dry up and form a crust in the upper 
portions of the cut stem. The still moving sap, 
charged with the material for the formation of wood, 
searches for an outlet, and forms buds and branches 
on the sides of the stock. This is the reason why 
in an open position the power of coppicing is more 
strongly developed than under shade, and also more 
strongly in a hot dry country than in a mild, moist 
climate. Kich soil will increase the power of cop- 
picing ; poor soil, on the contrary, reduces it until it 
disappears entirely. 

Trees best adapted for the coppice treatment 
are those which possess the power of reproducing from 
the stock and the roots. The time of cutting exercises 
much influence on the reproduction, but this fact 
has, up to the present, been quietly ignored in this 
country. The best time is during the early spring, 
just before the leaves begin to sprout, and when the 
fiap is moving. 

The length of rotation depends on the species of 
trees ; but if it be unduly prolonged, it is always to be 
apprehended that the trees will lose the power 
of coppicing. Experience has proved that coppice 
forests, though tha returns are quicker^ yield never 
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trees derive no benefit whatsoever from theni. As 
soon as the young trees can dispense with protection, 
it becomes obnoxious to them. Only those coppices, 
however, which grow right under the crown of the 
standard trees are materially affected, as the depriva- 
tion of dew and rain checks their growth. The shade 
thrown on the young plants in an opened-out forest is 
not so hurtful to them as we imagine, as it changes 
continually with the position of the sun. 

The soil under standard trees will be found drier 
than amongst the surrounding coppice, and the 
plants below them are therefore more or less depf ived 
of one of their principal nutriments, which tends to 
retard their growth. This is of less consequence in 
irrigated or inundated forests than in those depeiiding 
solely on natural rain-fall, as shade alone is only then 
hurtful when it is dense and continuous. A moderate 
shade prevents evaporation, and is rather beneficial 
than otherwise. 

From the foregoing it may be concluded that 
standard trees with short stenas and a strong forma- 
tion of branches are more hurtful to the growth of 
coppices than trees with thin cro^vns and high stems. 

The following is a list of some species of trees^ 
chosen with a view to their relative value as stand- 
ard trees. I begin witli the names of trees capable 
of affording a slight and beneficial protection, and 
end with those which, by reason of their dense crowns, 
impede the descent of dew and rain : — 

Pinus longifolia, Acacia Arabica, Alnus, 
Tamarix orientalis, Acacia stipulate, Acacia spe- 
eiosa. Acacia laeta, Acacia modesta. Acacia 
leucophlea, Dalbergia sissu, Abies Smithiana, Cedrus 
doodai'a, Qucrcus sp., Cedrela tuna. 
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Tbe last-named trees, having a thick foliage, 
suffer less from protection overhead during their 
infancy than trees with thin foliage. 

These are the disadvantages connected with the 
treatment under discussion. We must now weigh 
its advantages. The stocks, as they lose their power 
of coppicing, are replaced by plants raised from 
naturally shed seed. The coppice by covering the 
ground protects it from drying up, and further 
improves it by the shedding of its leaves, thus benefit- 
ing the standard trees which again shade the soil 
after the cutting of the coppice. The standard trees 
rarely obtain the same height as if they had been 
raised in a High Forest ; but as they enjoy an unli- 
mited amount of light and air, they produce nearly 
always a larger amount of wood, and frequently of a 
' superior quality. A forest under this treatment 
requires le^s assistance by means of artificial cultivation 
than under clear coppice treatment. The coppice 
under standard treatment facilitates also the foster- 
ing of the superior species of trees, and can easily be 
changed into High Forest Treatment. 

Selection of standard trees. 

The most valuable species of wood are selected gtandard^trees^ 
or raised for standard trees. In the plains, I should 
always prefer Acacia Arabica and Dalbergia sissti 
in the hills, Pinus longifolia and Kukar, On places 
where deodar, oaks, valnut trees, and the other 
high hill pines grow, I would leave the coppice 
forest treatment quite out of the question. In such 
localities this manner of reproduction is, as a rule, 
unnecessary, and there is no market whatever for the 
small produce, except perhaps within the immediate 
vicinity of hill sanitaria. 
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Length of rota- 
tion. 



Length of rotation. 

"thcf length: of rotationf for the coppice is subjected 
tof the same rates mentioned under siitiple coppice 
treiatment, that far the standard treffes depeiids on 
the size of thef niaterial vfe wish to produce. In the 
plains of this Provincey the usual periods fot' coppice 
cutting vary between 10 — 15 years, and three or four 
of such periods will suflEice to' produce a strong 
timber tree of either Kikar or ^issu. 

In thie lower hills, tlae time of rotation mi^st be 
longer, arid a Pinus lorrigifolia standard tree requires 
at least four to five rotations of twenty years each to 
Attain the size of a gbod timber treef. 

Number of standard tr&es p^r acre. 

Niin^berof Stan- It is impossible to fix a theory for this thoroughly 

practical question, Which depends entirely on the 
fertility of the soil, the amount of fuoisture it. the 
ground, the farrrfation of the species in general, as 
well as that of individual trees. A general rule, 
however, should be followed At the:^nd of a coppice 
rotation/ not more than one- third of the ar6^ should be 
under thter immediate cover of the crowBTs of standard 
trees. The^ staridafd trees of the more recent periods 
must exceed the old ones in numbers. 

I give? here an example for one acre before and 
ixfter cutting : — 



acre. 



Coppice, 15 years. 



Old. 



32 stiftidard 'tree?, 
30 yeairs old. 



IG standard trees, 
45 years old. 



8 standard trees, 
60 years old. 



Before cutting. 
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K standard trees. 


8 standard trees, 
45 years old. 




92 standard trees, 
16 years old. 


82 years old. 


After cutting. 


No coppice. 
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Rules for reproduction. 

The standard trees to be felled are cut simul- ^^^;}|f^^^^^^ 
taneously with the coppice and at the time of 
the year mentioned uuder coppice treatment. The 
cutting and ren^oving of all niaterial must be executed 
as rapidly as possible, and the area must be clear 
when the leaves sprcut. The selection of standard 
trees for the last period is the most difiicult task 
^connected with this treatment, and a mistake once 
made is irreparable. It is therefore advisable to 
select and mark tvice or three times the number of 
(Standard trees recjuired, and to make a second selec- 
tion from these trees after the cutting has been 
completed. Trees grown fronj seed should be selected 
\xi preference, and if they are not to be had, 
jBoppice of young stocks may be chosen. The strongest 
trees should invariably be selected, but an equal 
(distributioi?. Qver the area must always remain the 
first consideration. 

Standard trees with very large and low branches 
may be pruned with advantage. If it is found that 
the natural reproduction by seed is not sufficient to 
supply standard trees for the next rotation, the 
species chosen for standard trees must be artificially 
jpaltivated by means of transplants, 
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CHAPTER II L 



Tkeatment of forests asd single trees. 

Definition, 

Definition. "VVo promote and guide the growth of forests and 

single trees by means of " stopping, thinning and 
pruning." This is called " Treatment of Forests." 

promotion of the growth of young forestshy establish' 
ing a close growth, otherwise called " stopping" 

Promotion of I mentioned in the preceding chapter that a 
Younjj ffireBts 1^ reproduced forest must be made to close overhead 
close growth, as rapidly as possible, the branches must touch jeach 
•'^stoppi^g."^^^ other, and the soil underneath must be in perpetual 

shade. If the young forest does not close within a 
short time, weeds spring up, the soil loses its nourish- 
ing power, and if it has been orighially of an inferior 
quality, the young forest will waste away (see Tera 
Plantation). If this has occurred, the cultivation of 
corn, potatoes, or cotton between the sickening trees 
will have a beneficial effect on them, provided the 
soil be clear and not overgrown with weeds. A small 
quantity of earth is heaped round the stock of the 
ailing trees, and if they be of a deciduous nature; 
and have stopped growing, they must be cut off close 
above the ground. The new shoot from the roots 
will, for the greater part, prove more vigorous than 
the already-diseased plant. Scissors should be used 
for cutting down small plants, as the roots are likely 
to be torn or loosened if a knife, and especially a 
blunt one, is used. The cultivation of crops be- 
tween the young growth is only practicable in forests 
of a regular character, planted in lines or squares. 
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Should the soil in a young forest get covered 
with weeds, they must be speedily exterminated 
to prevent its deterioration. The following is the 
most effectual and the cheapest way to get rid of them. 
The upper layer of soil is pared off at a distance of two 
to four feet from the plants, and turned over on top of 
the weed cover in the immediate vicinity of the sicken- 
ing seedlings, so that the weed-covered side of the sod 
rests on the weeds close to the stem. The covered 
and the covering weed will decompose and form a 
humus close to the roots of the ailing plant. In this 
manner we not only neutralize the pernicious effects 
of the weeds, but utilize them for the nourishment 
of the seedlings. Plantations grown in a regular form 
are again the only forests in which we are able to 
execute this plan on a large scale. When such dan- 
gerous weeds as Saccharum and Salsola have taken 
possession of a soil intended for a forest, the quickest 
and easiest remedy, in my opinion, is to dig up all 
the weeds with the roots, burn them on the ground, 
and recultivate wherever we find blanks or weedy 
plants. 

A deteriorating soil may be improved and a 
weak young growth saved by closing a forest quickly, 
by means of interplanting and intersowing hardier 
and quicker-growing species of trees. 

Plants specially adapted for the soil under 
treatment should be selected. If we have the slight- 
est reason to apprehend that the forest will not grow 
close enough, we must have recourse to an early 
intermixture of quick-growing trees, as they will soon 
protect the soil against the influence of the sun. 

Beneficial effect of undergrowth on old forests. 
We often^d, especially in this country, forests o^ ^f^^^^^^^^^ 
old trees of such irregular growth and so far dispersed on ow fcjie^ts. 

o 
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be found sufficient even during the most intense 
lieat. The evening is the best time for watering. If 
possible, the covering of the ground should always be 
combined with the watering. The evaporation will 
Jbe less rapid, and a weekly watering will then be quite 
sufficient. 

The covering of the ground roimd isolated trees 
is of the greatest importance, and even the growth 
of well-established and strong trees can be accelerated 
♦ by this means. On light and sandy soil this method 

is of the utmost utility, but may be found use- 
ful on soils of every description. Dry leaves and 
grasses or weeds are deposited all round the tiees 
about three inches deep, and fixed with small branches 
of Malla (Zizyphus nummalaria) or Jhau (Tamarix 
Gallica), or Kothi (Indigofera heterantha), or any 
other small bush procurable. This cov^r Bot only 
impedes the evaporation and prevents the drying up 
of the soil, but also checks the growth of dangerous 
weeds, and by its decomposition yields material for 
Hie nutrition of the tree. It is advisable to open 
out these covers for some time during the winter 
months to prevent mice and rats taking up their 
abode in them, and to expose the insects and larvse^ 
which are always found in them, to the cold and frost, 
and thus kill them. 

The third method consists in turning up the sur- 
fiice soil round the tree with a shovel or hoe, and then 
crun^ple it up. This has to be done about two inches 
deep. These two inches of loose soil will of course 
dry up almost immediately, but the connection 
between thedry pulverized earth and the lower soil is 
interrupted, and serves as a protection against the 
direct influence of the sun. This proceeding, however, 
is not without its disadvantages. Dust storms often 
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carry away the loose soil, and the operation has to be 
repeated after each shower of rain, which re-estab- 
lishes the former connection of the soil> On very 
binding ' and hard soil, especially if combined with 
cover, it yields the most excellent results. 



Protection against the rays of the sun. 
Young trees ffrown in a nursery under the Protection 

o o •f , against the rays 

shade of mature trees, or even under a thatched roof, of the sun. 
are necessarily affected by the unchecked rays of the 
sun when transplanted into an open position. The 
soft bark of then- stems hardens suddenly, loses its 
elasticity, and stops the growth of the trees by imped- 
ing the circulation of the sap. This is <ialled " hide- 
bound. '' To prevent this we must diminish the evapo- 
ration through the bark of the stem till the tree has 
gotfiimhold of the soiland becomes accustomed to the 
different conditions of existence. The u^ual way is 
tq wrap straV round the trunk ; but insects almost 
invariably take up their quarters in this covering, and 
destroy the bark we try to protect. It is a sufficient 
protection to apply a layer of lime and clay soil to the 
stem. The mixture should consist of three parts of 
lime and one part of clay. It will be found 
cohesive enough to resist the action of the rain. 
Eucalyptus, and all such trees as are decidedly affected 
b}'^ the sun and dry heat, should have this mixture 
applied to their stems immediately after being 
planted. 

Protection against accidents. 

Trees along i^oads and canals are naturally sub- Protection 
jected to frequent accidents ; their branches are eaten 
off by cattle, or their bark is loosened from the stem. 
The protection against miscfiief, such as teaiing of 
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branches for fodder, &c., cannot be discussed in this 
chapter, but will be treated in another pamphlet — 
*' Protective administration of Forests. " At present 
we have only to do with the protection against bo7id 
Jide accidents. The orthodox Indian mud- wall 
circles, if provided with air and drainage liolesj 
answer the purpose exceedingly well ; and if a few 
handsful of dry leaves and grass are thrown into 
the enclosure, they will keep the moisture for a long 
time, and a good soil will form near the roots of the 
trees. They must be made large enough to prevent 
cattle reaching any portion of the young tree. 
Their appearance is certainly not very elegant, but 
they can be replaced on station roads and *^ malls " 
by a sort of crate made of bamboo or any other 
wood. The best protection for trees on station 
roads are continuous fwicea and hedges. The former 
may consist of either simple posts -and rails, or wire 
fencings, or stone walls. If the fences'are made of 
wood, a green thorn hedge, which will look well and 
save the renewal of the wopden railings, should be 
cultivated. Hedges should always be plantedy and the 
ordinary precautions already mentioned in the chap- 
ter of artificial cultivation must be observed. Trees 
or shrubs provided with thorns should alway be 
chosen for protective hedges in preference to others,. 
and we could not find better material than Jand, 
Reru, and Phul^i iox: the Panjab plains. The best 
and safest method is to raise the hedge on a ditch^ 
drawn 2 — 3 feet deep, with very gradually sloping 
banks. The young plants are put in in four parallel 
lines at a distance of 8 to 12 inches. In the second 
year the branches must be interwoven and the top 
shoots cut off, and in the third year the hedge will 
be impeiietrable. Cactus Indica, Aloe perfoliata, 
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Agave Americana, &c., will make good protective 
hedges. 

Thinn^ng^ 

One square foot of ground is enough for a young Tiiiniung. 
plant, whereas 200 square feet are hardly sufficient 
for a mature tree ; thus upwards of 40»000 trees have 
to perish before a completely-stocked acre of young 
growth has reached maturity. An incessant 
struggle for light and air is therefore the inevitable 
consequence of the progressing growth. The plants 
are so dense that they cannot throw out side branches, 
and their whole vigour is expended in the increase 
of height. The stronger plants naturally grow 
quickest,, and as soon as they have outstripped their 
less robust neighbours, they extend in breadth over 
the heads of the smaller trees. The newly-formed 
side branches soon encounter those of other vigorous 
trees, and form a^ cover above the heads of the more 
back-wardgrowth, which consequently dies from want 
of light and moisture, and decomposes. But the strug- 
gle is again renewed as the space becomes too limited 
for all the trees which now occupy the ground, and 
does not cease until they attain their full growth. 
The lower branches of the predominant trees die off 
when their new-forming higher crowns close over- 
head and withdraw the influence of light and mois 
ture. Ihis process of extermination proceeds in a 
young forest rapidly, and excites a vigorous growth 
in height ; but after a certain age, when the trees 
have increased in bulk and strength, they are not so 
quickly stifled. A forest left altogether to its own 
resources expends much of its vigour in this perpe- 
tual struggle. We therefor^ must thin out. 
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Definition of the term thinning. 
term "hiiTing. ^ Thinning consists in cutting out all suppressed 

trees, or such weak ones which would soon he sup- 
pressed if left on the ground. We thin with a view 
to accelerate the growth of the trees left standing. 

General rides. 
General ruicB. The seedlings grow often so close together 

( especially in artificial sowings ) that the evil effects 
thereof exhibit themselves in the earliest stages of 
the growth, which slackens perceptibly^ To obviate 
this mischief, the superfluous plants should gradually 
be removed, that is to say, as soon as the seedlings 
begin to impede each other. It is decidedly wrong 
to wait till they show signs of ill health, as many 
plants are quite unable to outgrow the damages 
sustained in their youth. The plants to be thinned 
may be dug out for transplants, or be cut down to 
the ground with the knife or scissors. They should 
be cut in the beginning of the summer after the first 
spring growth is over. If this is neglected, and they 
are cut too early, the more vigorous coppices will 
renew the struggle with the trees left on the ground. 
The operation should proceed as gradually as possi- 
ble, and always with the necessary precaution not 
to allow weeds to take possession of the soil. Arti- 
ficial sowings on irrigated land frequently require 
thinnings in the second year. On saiUba land they 
need not be undertaken before the third or fourth 
year. Natural reproduction requires but rarely such 
early thinnings, and artificial planting never. The 
second thinning we may be called to execute con- 
sists in tihe removal of inferior trees and coppice 
growth with a view of fostering seedlings of a supe- 
rior description. As a rule, we must thin in such 
a manner as to give the better species of trees the 
necessary amount of air and light without interrupt- 
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ing the cover overhead. An inferior tree, or one 
grown from coppice, even should it top a tree of a 
superior species, should be cut down, provided the 
latter has vigour enough to recover, and the removal 
does not cause a blank in the forest. This kind of 
thinning must also be done carefully and gradually, for 
the worst tree is better than a blank, and we can only 
gain our purpose ( to foster one species in preference 
to another ) by repeated and continuous cuttings. 
A quicker covering of the soil may be counted 
upon if the trees to be cut down possess the power 
of coppicing, in which case we may thin morn vigor- 
ously. Spring is again the right time for this cut- 
ting. The remaining trees, having obtained an 
increased amount of light and air, will rapidly spread 
during the same season, whereas the coppice from 
the stocks will be less vigorous than if the trees had 
been cut in winter. The young forest has by this 
time grown into a thicket, and the struggle for exist- 
ence begins in real earnest. We must now thin 
with a view to accelerate the growth of the forest. 
The first and principal rule here is not to disturb 
the connection of the crowns overhead, and we must 
therefore only remove suppressed and badly-grow- . 
ing trees. However severe the thinnings may have 
been, the longest branches of the neighbouring trees 
ought still to touch each other with their tops ; and 
if the thinning has been lenient, they may be allowed 
to remain interlaced some two feet. 

Severe ihinnhif/s are admixxihle — Lenient thinnin^^ are adrhahlc—^ 

1. On good soil, in a mild and 1. On bad. poor soil, where every 
moist climate, on North and West thing depends on an efficient cover 
positions. of the ground, in a rough cliiuate 

2. When the ravages of snow or and a South position, 
wind are to be apprehended (an 2. In a diy climate. 

early thinning with a view to streng- 3. For shade-loving trees ( Cedrus 

then the formation of branches deodara. ) 

and roots is required here ). 4. When the trees have nearly 

r 3. For trees requiring an open attained the noimal height, 
position ( Pinus longifolia ). 5. On exposed places in the 

4. During the earlier stage of forests near the open country. 

the forest, as long as the trees grow^ 6. When we propose growing high 
vigorously in height. timber. 

5. Where fuel is the only kind 7. In incomplete and irregular 
of wood we purpose to grow, forests near blanks or in ])lots of trees. 

8. If the first thinning has be<^n 
nijule so lute thai the trees have had 



time to grow lanky. 



t 
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A too sadden and sev^-e thinning exposes the 
trees to all the inclemencies of the climate. Browne, 
in his '* Forester, " reckons it equal to the removal 
of a few degrees north, and there is no donht that 
an injudicious thinning can ruin irretrievahly a 
forest grown on a poor soil. The sudden exposure 
causes the bark to lose its elasticity, the circulation 
of the sap is impeded, and the tree becomes " hide- 
bound. " Omitting the thinning altogether is still 
more hurtful, especially as regards Mil forests. The 
trees grow up lanky, arid when thinned late in life 
are easily knocked over by snow or wind. When 
once the trees in a pine forest have been allowed to 
grow up into weedy, thin poles, no recovery is possi- 
ble. One of the first considerations when we thin 
a forest is the equal distribution of the remaining 
trees over the entire area. In a young forest we 
can only depart from this routine in a case of dis- 
eased trees. Trees grown from coppice should always 
be cut in preference to those grown from seed. It 
depends entirely on the growth of the forest at what 
time the thinning should be repeated. The most 
natural way would be to cut out every year the 
trees which have been overtopped. But there are 
reasons why this is not feasible : labor and mate- 
rial would be dispersed over the whole forest, and 
supervision would be rendered difficult, if not impossi- 
ble. A periodical repetition of the thinning (as 
soon as a considerable quantity of suppressed trees 
are found ) must replace the annual cutting out. 
It is immaterial at what season the thinning of old 
or hill forests is undertaken, but not so as regards the 
younger forests in the plains, especially those on irri- 
gated land. They are in full, active life, and are still 
growing when night frosts begin to set in. The thin- 
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ning renders them susceptible to the vicissitudes of the 
climate, and many of the trees freeze down to the 
ground. I had a warning example of this at Ghanga 
Manga Plantation, where I lost a whole compart- 
ment by one injudicious thinning. A Forest Ranger 
accustomed to the work should niark the trees to be 
thinned, and the worknaen employed should be 
strictly supervised. As the forest grows up, we must 
expect to encounter more difficulty in the selection 
of trees to be thinned oijt ; they increase in size, and 
the number we have to select from diminishes. These 
latter selections should always be made by European 
Officers, at least until we have trained natives. The 
material n^ust be brought at once to the roads and 
slides, and should be sold and removed as soon^'as pos- 
sible, or burnt, if we have no sale for it, to prevent 
insects breedino: in it. A few stacks left inadver- 
tently at Changa Manga were found to be alive 
with insects of the Bostrichus species. 

Pruning and Lopping, 



I quote here an abstract of Professor Lindley's^ rraning 
*' Theory and Practice of Horticulture, " which 1 
found hi Browne's '* Forester ": — 

" The quantity of timber that a tree forms, the 
amount and quality of its secretions, the brilliancy 
of itg colours, the size of its flowers, and, in short, 
its whole beauty, depend upon the action of its 
branches and leaves, and their healthiness. The 
object of the pruner is to diminish the number of 
leaves and branches, whence it may be at once under- 
stood how delicate are the operations he has to prac- 
tise, and how thorough a knowledge he ought to 
possess of all the laws which regulate the action of 
the organs of vegetation. If well directed, pruuin<>- 



and 
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is one of the most useful, and, if ill directed, it is 
amongst the most mischievous operations that can 
take place upon a plant. The object of pruning is 
either to influence the production of flowers and fruit 
or to augment the quantity of timber, 

" Pruning is nothinof less than the removal of 
leaves. To cut off* a branch in summer is evidently 
so ; and if the branch is naked, still its removal is 
the destruction of the part from which leaves would 
have been produced had it been permitted to remain. 

* 'Prune not at air should therefore be the maxim 
of the Forester. ' Plant thickly, thin constantly, 
stop carefully, and leave the rest to nat\ire.' But 
unfortunately it does not happen that he who plants 
well always thins constantly; it is still more rare 
that stopping is thought of; and so a maxim, one of 
the soundest in the whole system of Forestry, cannot 
be observed. Hence pruning may be regarded as a 
necessary evil, to which the wise nuist submit 
because of the ignorant ; the careful to cure the evils 
inflicted bv the careless, " 

Lopping in Forests, 
Lopping m I fully eudorsc Doctor Lindlev's maxim, but da 

Forests. "^ . . • *' • i 

not follow his reasoning why a systematically worked 
forest, supervised by an intelligent European or 
trained Native officer, should not be carefully replen- 
ished and judiciously thinned. Forests ought and 
must be raised in such a way that the trees can get 
rid of the lower branches of their own accord ( so ta 
say prune themselves ), and grow stems as tall as 
their species will allow. Only in rare instances is lop- 
ping admissible in a forest. Some of these instances 
have already been mentioned under natural reproduc- 
tion, Trees may be lopped to encourage the young 
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growth beneath them ; but probably in this case 
their early removal has already been contemplated, 
and we may cut without reference to the future well- 
being of the trees. If the removal of a tree would 
create too considerable a blank, the branches may 
be lopped during any of the cuttings for reproduc- 
tion, provided circumstances require it. Young 
standard trees in coppice may be lopped, with the 
double view of encouraging the coppice and of pro- 
moting their growth in height. These loppings, 
however, have to be carefully executed. Pine trees 
must only be lopped when absolute necessity com- 
pels us tQ do so for the reproduction of forests 
which have to be kept intact for protection against 
avalanches and storms. 

Pruning at the time of transplanting has already 
been discussed in the chapter on *^ Artificial cultiva- 
tion. " 

Lopping of single trees. 
Sinorle trees alonsf canals or avenues or infields .i^oppi^g ot 

®^ ^ ^ ^ single trees, 

do not enjoy the same advantages which predisposes 



o 



tree grown in a compact forest to form a tall and 
valuable timber trunk. The lower branches derive 
as much benefit from light and moisture as the 
crown, and their growth remains unchecked. They 
absorb a great amount of sap, which in a forest 
would have accelerated the growth of the trunk in 
height ; and in the same proportion as these side 
branches increase in size, the growth in height 
decreases. The result of this unchecked open 
growth is a division into side branches at a very 
inconsiderable height above ground.; these divide 
again into smaller branches and twigs, and form a low 
broad crown, Such trees are only fit for fire-wood ; 
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mitted to this process for the sake of fodder. The 
stem is covered with nodes, and young shoots abound 
round the scars of the old wounds. The wood is 
only fit for fuel. 

A too severe lopping, by which I mean the 
cutting of all lateral branches, leaving only the top 
ones, must always prove disastrous. The tree grows 
slowly in circumference, and the trunk gets covered 
with nodes and young shoots. A too lenient cutting, 
on the contrary, will cause the trunk to increase in 
bulk below the strong lateral branches, and to 
decrease in circumference immediatly above shem in 
proportion to the strength of the branches. As it 
IS our purpose to grow trees of the greatest possible 
height and circumference, we must take the middle 
course between the two just-described methods. If 
we concentrate the greatest amount of leaves above 
the middle of the height of a tree, we divide the 
derivable advantages equally between the growth in 
height and bulk. It may therefore be considered 
a general rule to lop all branches which are situaieJ 
on the^ lower half of the tree. 

r 
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Under certain cricumstances, however, some of 
the branches forming the crown must also be lopped 
or shortened. 

If two branches forming the top of the tree 
struggle for superiority, the less vigorous of the two 
must be cut back, as shown in the accompanying 
a.ketch, or the trunk will divide here, or at least grow 
au unsighty elbow. 
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Bxceptionally strong ^ranches have to be cut 
back (see sketch), or they will lead to the forma- 
tion of elbows and other deformities in the trunk, 
and absorb' an undue amount of sap as they 
grow stronger. If they are not kept back early, they 
will have to be cut subsequently, and the severe 
wound will be dangerous to the well-being of the tree. 
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AVhen two branches grow out of the same 
place, as shown in the .sketch, one has to be 





removed as early as possible. If this is not done at 
once, the future pruning of such a double branch will 
hardly be possible on account of the size of the 
wound the lopping would necessitate. For the same 
reason we have to cut some of the branches which 
sometimes grow in a circle round a tree as soon as 




-. V.:' i^^ 





they make their appearance. They must be cut 
sooner or later, and delay would only cause a number 
of considerable wounds close together, which would 
surely tend to the formation of nodes, or even cancers. 
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Young branches consisting as yet *Mily of 
green unformed wood must not be entirely prune<% 
but only cut back. If we were to cut them entirely* 
the half-f )rmed tissue would soon be affected hy the 
atmosphere, and defbrmitiea, and cancers would be 
the result. If^ ou the other hand, by an oversight, a 
branch has- be«i allowed togrow to such a size that it 
cannot be pruned without endangering the health of 
the tree, it is cut back to retard the vigor of itsgrowth. 
The branch should he cut jtist above a small side 
twig, and may be repeatedly cut until its growth 
is arrested ; when it ia xiltimately prunec^ t^e size 
t>f the wound decreases in fw-oportion to the increase' 
of bulk in the trunk, and heals with comparative 
ease (sec drawing)^ 




The cutting back of large branches should be 
executed in such a manner that the line of the cut, 
if prolonged, would form an acute angle with the 
tree. This will prevent rain-water collecting in the 
wound, when the sides have begun to swell, durii^ 
the process of healing. 
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A common,, but entirely vToi^, practice vhen 
lopping is to leave a stump a few inches long, which 
dries up and dies (see drawing). This jiroduces a 



cancer in many species of trees (observe Acacia 
laeta and Siris on ail our roads). Other more 
vigorous and hardy species overgrow a portion of the 
dead wood ; but even then the value of the timber 
is lost, and internal wet or dry rot, ensues, as I have 
frequently observed in Kfkar, Sissfi, and more so in 
mulberries. 

It is equally pernicious to cut too near the stem 
(see drawing). The surface of the wound is dispro- 




portionately large (much larger than the basis of 
the branch itself), and heals therefore slowly. It 
follows that the sap-wood remains exposed for an 
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undue length of time, and begins to show signs of 
decomposition and rot before it is quite overgrown. 
This is the reason why so many of our station trees 
are hollow. 

The correct method to lop trunk branches is 
best explained by the following sketch, showing the 




necessity of cutting the branches in such a way as to 
inflict the smallest possible wound. The cut must be 
vertical and parallel to the axis of the tree to 
prevent rain-water or other moisture from collecting 
when the sides of the healing wound begin to swell 
All larger branches have to be shortened before they 
are lopped, and an incision must be made from below 
before the branch is cut from above. It is only 
possible by means of this precaution to protect the 
bark and sap wood against lacerations (see sketch). 
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An pruning and lopping should be executed with 
good, sharp and steeled instruments, and not with 
the ordinary iron country hatchet. Small twigs on 
young plants should be cut with a pruning knife 
or pruning scissors ; larger branches with either 
handsaw or light hatchet ; but the former is less 
dangerous in unpractised hands, and should therefore 
be preferred in this country. 

Should we be forced, in spite of all care, to 
inflict large and dangerous wounds, we must protect 
them against moistare by covering them with a 
mixture of pitch and resin till th^ are completely 
healed. This is made just warm enough to be liquid 
when applied a few days after the cutting, and after 
the surface of the wound has slightly dried up. 

Season for lopping. 

pingf*^ ^'^ ^^ The circulation of the sap is partially inter- 
rupted through the lopping of branches ; we must 
therefore take heed at what season we undertake the 
operation. We may lop either at the end of winter 
or the end of summer. Each time has its advocate. 
If we prune in winter, the wounds will be exposed 
for a shorter time before healing; but if the 
lopping takes place at the end of the summer,, 
before the annual growth is quite finished, we 
deprive the tree of less nourishing sap (see Phy- 
siology of Plants), and a smaller number of new shoots 
will form round the wounds. 

Removal of new shoots called water-shoots. 

new shoots caUed The vital action of the tree causes a great 
water shoots, quantity of Avood-forming sap to collect in the 

vicinity of the wounds, and the consequence is 
frequently a formation of numerous buds and new 
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shoots. These have to be removed as soon as they 
have grown a few inches in length and before they 
have had time to form wood, or else much sap will be 
lost, and their removal at a subsequent time will 
cause the formation of nodes. 

Frequency of lopping. 
A lenient and therefore frequent pruning is, Frequency of 

^ ^ P lopping. 

always preferable to a few but severe operations. 
Much vital power is expended in the formation of large 
branches which are cut away during severe lopping. 
This power, if properly husbanded by means of lenient 
cuttings, might be directed towards the formation 
of a more bulky trunk. The removal of large 
branches not* only causes large and more hurtful 
wounds, but it destroys the necessary balance in the 
vegetation. 

The physiology of plants teaches us that large 
roots form on the same side of the tree on \vhich 
we find large branches, and if the latter are suddenly 
removed, the functions of the corresponding roots 
are suspended. It may often be observed that after 
the removal of a large branch, the treie ceases to increase 
in bulk on the side from which the branch has been 
removed. It takes years to re-establish the balance 
in the process of vegetation, and it is only possible 
to restore it entirely by means of a severe re-action and 
the formation of other large branches, which have 
again to be lopped. The vital force is, so to say, 
thrown backwards and forwards by injudicious prun- 
ing, causing every time the formation of new elbows, 
distortions, and cancers. The only means to prevent 
such revolutions in the growth of a tree consist in 
an annual, or at least bi-annual, pruning of small 
branches. 
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When the trees have accomplished their first 
vigorous growth in height, we must prune at longer 
intervals, and the operation must cease altogether 
before the tre^s liave reached their total heiofht. 
In a province like the Panjab, exhibiting so many 
modifications of climate, the length of these periods 
varies considerably. On rich, irrigated soils in the 
Plains their duration is short, and in the Hills it is 
longer. On poor soil we must not prune at all. 

T exhibit here a sketch of a Sissu tree five years 
old and about 18 feet high, grown on a rich, moist 
soil. This sketch shows how we have to prune 
under all the conditions of growth enumerated ia 
the foregoing paras. All the branches printed in 
red must be removed. 
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Formation of a neto top of a tree. 

new^to^^ofTtree^ ^^ ®P^*® ^^ ^ precautions, it may happen that 

the top of a tree standing along a road-side is eaten off 
by cattle, or destroyed by some other accident. If 
this happens, the strongest side branch near the top 
should be selected, placed in an upright position, 

and. tied to the stump of the old top, as shown in the 
sketch. 

The growth of the other neighbouring branches 
is arrested by cutting them back. The young 
branch will soon form into a new stem, and when a 
year or two afterwards the old stump is amputated, 
the wound will soon heal. 
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CHAPTER IV. 



Cultivation, reproduction and treatment of 

Panjdh trees. 

In the preceding pages I laid down the general cultivation, re- 
principles of artificial cultivation, natural repro- ^^^tmenT **"of 
duction, and treatment of forests and district ^*^^^^ *^®®^' 
plantations. I now proceed to discuss the more 
important trees of this Province in detail, with a 
view of allowing how far the rules enumerated above 
may be applied to them. It is, however, impossible 
to describe the cultivation, &c., of every tree worth 
planting in this Province, and I have therefore 
restricted myself to those which have proved a 
success. The trees follow each other according to 
their importance, and not, as in my Botanical 
Pamphlet, according to natural orders, 

I divide them into — 

1st. — Trees growing in the plains and lower 
hills up to 4,000 feet. 

2nd. — Trees belonging to mountainous regions. 

The former I sub-divide aorain into — 

a. — Trees requiring fresh and good soil. 

&. — Trees growing on arid and dry soil. 

1 a. — Dalbergia Sissii. 
Acacia Arabica, 

,, eiaxa. 

„ speciosa. 

yy stipulata. 
Cedrela toona, 
Morus alba. 
Zizyphus jujuba. 
Salix babylonica and Salix tetrasperma. 
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These trees are as useful for district arboriculture 
as they are for forest cultivation ; whereas the ^ 
following are only adapted for road-side planting 
and wells and topes : — 

Azidirachta Indica. 
Melia azedarach. 
Zizygium jambolanum. 
Mangifera Indica. 
Tamarindus Indica. 
Ficus Indica and religiosa. 

1 &. — For arid soils the most useful trees 
ai'e — 

Acacia in odes ta. 

.; leucophlea. 

Prosopis spicigera. 

Taniarix orientalis. 



2. In the hills, the cultivation of Cedrus 
deodara is the most important, and next to it that 
of Pinus longifolia. I must also mention the 
cultivation of Pinus excelsa, Abies Smxthiana and 
Picea Webbiana. 

The most important deciduous trees are the 
Quercus and Acer species, the Juglans regia, Pavia 
Indica, Pistacia integerrima, 

<i ^ Dalbergia Sissii, 

Dalbergia SissU. This tree, already described in my Botanical 

Pamphlet, seems to prefer the moister climate in 
the immediate vicinity of the great rivers, where it 
grows spontaneously. 

General habits of the Sissu as regards soil. 
General habits The tree shows, in an uncultivated state, a 

of the SissCi as , ' ' 

regards SOU. preference for a light and even sandy soil, and 
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grows freely in the Kdchi, near Midnwdli, on the 
Indus, on almost pure river sand, and may also be 
found on sandy islands in all rivers from Oudh to 
the Indus. I have not changed my opinion since 
writing my first memorandum on plantations in 
the Panjdb, namely, that a very stiff soil does not 
suit the nature of the tree, and that it is useless 
to attempt its cultivation on a clay soil, or if an impene- 
trable strata of clay or kankar is deposited close 
below the surface of the soil. In proof thereof I give 
the adjoining sketches and measurements taken 
by myself from trees dug out of our different 



plantations. 



Fig. 1. 



Fig. 2. 
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Figure 1 gives an accurate representation of a 
young Sissii grown at Ludianah on a sandy loam 
( half saildba ), and figure 2 one of the same size 
grown on very stiff clay soil at Bodesh^h, near 
Lahore, 

These are only examples, but serve to show the 
character which the tree assumes in different soils. 

It is a sure indication of unsuitable soil when 
a young tree inclines to grow like No. 2. 

The character of roots, as exemplified in the 
Nawshera plantation on the Bias, which is a saildba 
epil, may now be noticed. 

Fi^, 3. 




Tree. Root. 

4' i" 3' 0" 



The trees here form a tap-root, which in most 
cases is of very great length, only sending out side 
roots at 1^' to 2' below the surface. The same 
formation is noticed at Jugian on the Ravi, only 
there are more side roots. 

We find a similar formation of roots on the 
sandy soil of Jtilandhar, where the moisture lies 
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Xnore than a foot , below the surface ; hut I am 
eorry to say that iii this case I can only give the 
figures taken from one specimen* 

Fig. 4. ■ j 

f 

- ■ - f , - 
Tree. Hoot. „ ' " 

2' 1' 8'' 



Figure 5 shows the formation on the sandy 
loam of Ludiduah. 



Fig. 5. 
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and Figure 6 that on the sandy loam of Phillouf — 
^ Fig. 6. . 
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5' 9" 2' 10" 
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The stiff and very stiff soils of Ndg, 1 1 miles 
from Amritsar, Rod^sh&h, and Tera, show a forma- 
tion more or less inclined to keep all the secondary 
branch roots on the surface, according to the degree 
of stiffness of the soil, see Figures 7 and 8. 



Fig. 7. 



Fig. 8. 





• » 



Tree. Boot. 

8' 10" V r 

6' T 2' 7" 

The specimens were taken from the stiffest and 
average soil in the worst part of Rodeshah. 

Tera shows more or less the same form, and 
it is therefore unnecessary to give other figures — 

Tree. Root. 
g. g. 2' 3" 

Figure 9 is a representation of the growth in 
Sardi Amanat Khan Plantation. This is the stiffest 
kind of soil we have attempted to cultivate. 
Ficr. 9. 



— '•■ 



Tree. 


Root. 


6' 


1'6' 


6' 9" 


1'6' 
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Two curious formations are shown in fisrures 



10 and 11. 



Fig. 10, 



\j0 



'N..- 






J 



Figure 10 is a tree grown in Tera, the root 
of which had originally penetrated the kankar, 
but afterwards died off below the strata. The tree 
was 12' 4" high, and the remaining living root only 

V 2: 

Fig. 11. 



y 



Figure 1 1 was grown at Nag on a well- watered, 
heavy but rich soil with impenetrable subsoil 

3 
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Figures 1 2 and 1 3 show the growth on Changa 
Manga — 

Fig, 12. , Fig. 13. 



'i 





Tree. Root 

6^2" 3' V 

, 5' 9'' 2' 10" 

The influence of the water-supply can to a 
great extent be determined by examining the forma- 
tion of the roots. 

In Tera, which is dependent on natural rain-fall 
or artificial watering, the trees procure their supply 
of moisture more from the surface, and have 
accordingly the secondary side roots higher up the 
main root than those which have to go deeper down 
for their nourishment, and are dependent on per- 
colation from below. 
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The Sissii trees at Rodeshah and Tera, now 
5^, 6 and 8 years old, die whenever the roots touch- 
the impenetrable strata after one or two years' sicken 
ing. The following are the first outward signs of 
decline the young tree exhibits : the top branches 
grow together in form of a broom ; the leaves curl 
up and feel dry to the touch ;'the bark has a dried up 
appearance and peels off from the cambium. The 
roots, when dug up, show deformities and signs of 
dry decay. A small Bostrichus attacks the diseased 
tree, only few leaves reappear in spring, and the 
tree lives but rarely through the third year. 
Watering does not cure the disease ; it only changes 
its character, and we observe a decomposition of 
the sap instead of dry rot. The leaves of the ap- 
parently healthy trees turn suddenly yellow ; the 
bark round the lower parts of the trunk begin 
to detach itself ; the skin of the roots when dug up 
can easily be removed with the finger ; and a pungent 
smell may be perceived when they are cut through. 
Soon after these symptoms have set in, fungi begins 
to grow on the roots and on the lower portions of 
the trunk, and the tree dies within a short time. 
The disease has been watched in all its stasres at 
Changa Manga, where it attacked two compart- 
ments. These two compartments have a stifFer loam 
soil than the rest ; they are low and much overgrown 
with Saccharum. We were able to combat the disease 
by stopping the irrigation, and by cutting down the 
Saccharum and allowing a free circulation of air. I 
have never observed either of the two above-descri- 
bed diseases on trees grown in a light sandy loam 
or sand soil. Extreme poverty of a light soil is 
only indicated by a slow and stunted growth, but 
not by the destruction of the organism of the tree^ 
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Sissii will grow on any soil, provided it has the 
necessary degree of looseness — soil with salt efflores- 
cences not excepted. The tree grows equally well 
on sand (Kfechi on the Indus), loamy sand (Jugian 
on the R4vi), sandy loam (Ludidnah Plantation and 
Meerut), and loam (the Changa Manga Planta- 
tion), provided the soil is fresh and contains sub-soil 
moisture. This moisture in the sub-soil is of greater 
importance than rain-fall. At the Ludianah Planta- 
tion we have a strong percolation of water, and we 
observe here a more vigorous growth of young Sissti 
than at Ambdlah, though the soil is poorer and the 
average rain-fall less. 

Stagnant moisture, especially in heavy soil, is 
hurtful to the tree. The Sissu decidedly requires 
much air and light in its maturity, and must have 
room for its branches to develope a strong timber 
trunk ; but the seed germinates readily in the shade 
of the parent tree, and the young plant grows well 
for some time under cover. 

High weeds, such as Saccharum and Salsola, are 
hurtful to the young plant, as exemplified at NAg 
plantation and in some compartments at Changa 
Manga. 

ArtiJX'Cial cultivation of Sissu. 

Artificial cuiti^ The tree can be cultivated either by sowing, 

Tation of Sissii. planting, or setting of cuttings. 

The seed ripens in December and January, and 
may be preserved without difficulty till the end of the 
rains, which is the best period for sowing. If the 
seed is quite ripe, the pods are smooth and of a dark 
straw colour, the grains fill the pod, and, when 
cut through, they will be found to be of a greenish 
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white colour. It is, however, well to test the 
percentage of productive seed. The seed should 
be taken out of the bags in which it has been 
brought and spread out in seed houses. Turning it 
twice a week with a wooden shovel is quite sufficient 
to prevent heating, and it may keep good even if 
this is not done at all. 

The Sissti developes on loose saildba soil a tap 
root 3 feet long, which has to be cut if the seedling 
is transplanted ; this undoubtedly checks the growth 

of the plant, which depends to a great extent on the 

sub-soil moisture of the light soil. 

On irrigated land the ridge cultivation is to be 
preferred, as it affords numerous advantages. The 
first and greatest of all is the facility with which the 
water-supply can be regulated, but there are many 
more. The soil, and especially the heavier kinds, 
have a tendency, when flooded, to form a hard baked 
crust, which prevents the admission of air. Not so 
with ridges, where the water percolates from below, 
and does not flood the cultivated soil. The filling 
of the deep trenches allows the water to percolate 
more freely and at a greater depth through the soil, 
and the tap roots are drawn deeper down with it. 
Weeds are checked more easily, as few will grow 
in the trench ; the ridge covers an additional foot of 
land, and the area between the lines of trees is not 
watered at all, as the weeds alone would benefit 
by it. The bottom of the trench, especially if grass 
and young trees grow on the side, will be less ex- 
posed to the sun , and will therefore keep moist for 
a longer time. The only drawback is the expense, 
which is rather considerable, Rs. 2 per 1,000 
running feet. For Si^su sowings the best distance 
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between the trenches is 10 feet. A greater distance 
has been advocated, but I have found that the 
replenishing of blanks and the removal of weeds 
more than outweigh the original profit, especially 
as the water-rate is the same. The ridges are throwi> 
up as described in Chapter I, an^ the soil is beaten 
down and dressed. 

About three inches above the side ot the trench 
a small furrow Ls drawn with a tent peg, the seed 
is dibbled in, and the soil is drawn over it and pres- 
sed down. The water is then let into the trenches, and 
allow ed to remain until the moisture has reached the 
very top of the ridges. The ridge must be kept 
moist till the seed germinates, which varies with 
the season. In March and April, a month may 
elapse before the seedling appeal's above ground ,^ 
whereas 5 — 6 days suffice for the germination during 
June and July. If the first watering is not efiec- 
tive or prolonged enough, the seed will only half 
germinate and rot in a short time. When the 
young plants have appeared above ground, repeated 
waterings will be conducive to a healthy growth, 
but they should become less frequent, till they cease 
altogether, in the beginning of October^ The 
second and the subsequent waterings after germi- 
nation must never be so copious as to submerge the 
young plants, nor remain long enough to allow the 
ground to get slushy. As soon as this happens, the soil 
becomes inactive, and the young plant dies. 

We can soiv broadcast on saildba land, but 
only on fresh sailaba, and on places where the natural 
rain-fall is sufficient to germinate the seed and keep 
the plant alive till the young roots have penetrated 
to the moist strata of the soil, which lies seldom 
deeper than 12 — 18 inches. 
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The soil must be fresh and slightly binding for 
this cnltivation, or else the seed will be laid bare by 
the action of ^the rain and winds, and the surface soil 
will dry up during the short breaks between the 
rains. The covering of weeds must be removed 
with their roots and burnt on the ground, and the 
whole area is then ploughed up like a field. In the 
beginning of the rains the hind is sown broadcast, 
as evenly as possible, and the soil is dragged over 
the seed with rakes or thorn-bushes by way of 
covering. The seed will germinate within 10 — 18 
days. If the area is aimually flooded, the time 
of sowing must be postponed to the end of the 
rains, when the high floods have subsided, or else the 
very young Sissii plants will die if they are flooded 
immediately after germination, and if they have not 
germinated, the seed wall rot in the ground. If the 
area to be cultivated is not regularly flooded, but 
liable to inundation, the sowing should be executed 
in the beginning of th-e rains, thus risking the loss 
of the cultivation. A sufiicient amount of seed should 
be kept in hand to repeat the sowing, if it has been 
lost through floods, as soon as they have subsided. 

Should the first cultivation succeed, the seed- 
lings will have a two months' start, and suffer less 
from the drought in the beginning of the following 
hot weather. The spare seed should be thrown 
broadcast on waste helas, or destroyed, so as not to be 
sold again the following year. Broadcast sowing 
requires one to one-and-a-half maunds of seed per 
acre. The great advantage of this method lies in 
the thorough destruction of duugerous weeds and 
grass coverings. 

If the soil is not binding enough for broadcast 
sowings, or if the land is free from high grasses, it 
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is preferable to cultivate on strips. This raethod is 
more economical, requires less seed, receives protec- 
tion from the vvreeds between the strips, and the seed 
is not so liable to be laid* bare by winds. 

The cheapest way is to draw 3 — 4 plough fur- 
rows close together, then leave a space of some 5 feet, 
and begin again with the furrows. The seed is dibbl 
ed in and pressed down after being slightly covered 
with soil. The furrows should be ready before the 
beginning of the rains, and the seed should be sown as 
soon as possible after the first rain-fall, as all plants 
raised from seed sown in the beginning of the rains 
are found to be several inches higher and more regular 
than those sown at a later period. If the gtound is 
liable to be flooded, the same precaution must be 
taken as mentioned under broadcast sowings. 

The grass, especially if it be short ^^ dMh'* 
grass, should not be sold or removed for the first 
year of cultivation. The price realized would not 
compensate for the damage done to the young plants. 
If the land is overgrown with high grasses of the 
Saccharum species, which must be removed, the fur- 
rows should be made by coolies. But land so over- 
grown is nearly always of a poor description, and a 
cultivation by Sowing is not quite certain to succeed. 
Two-thirds of a maund of seed per acre will be 
required. Ths cultivation of seed places is the least 
expensive method, as already described in Chapter I. 
The amount of seed required will be only one-third 
of a maund. 

We may cultivate in trenches on land depend- 
ing on rain-fall alone. This is, however, a costly 
manner, and ^hould only be made use of in exception- 
able cases— for instance, when a layer of hard binding 
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clay 12W-1& inches thick overlies the moist, loose soil 
of saildba land. This layer must be broken through 
by digging trenches a foot broad. The original soil 
is left in the trenches, mixed with the loose sub-soilj 
which will enable the young plants to send their 
l*oots into the mdist soil below, arid i6 take a firm 
fdbtirig. The siirata must be thdrotiglily broken 
thrdiigfh; an iriddmplete peiletraiion is waste of 
mdney. The sd^d isbowu With the hand and lightly 
oovelr^ with soiL !l?he timd o^ sowing is during the 
rains, and the dstiount of^ s6edl required i^ half a^ 
miUirid per acrei; But wh^rcfver jjidiritirig mfittdrial is 
procurable, we should transplant; 

Cfidtivcuion o/somrig mirserie^i 

feissti nurseries are^ of eotirse, only wanieil ^^^^ jf^^^^e^^^ 
wH^n yoiin^ pkritlri^ material is not otherwise pro- 
curfitble. On active and fresh saildba, plaiitiiig 
materia*! can b^ g'rown without going to the e:iipens€) 
of making a Hdts^ty j and whdre cultivation bn the 
tidge and artificial irrlgatiofa are in Vbgtie, a suflS* 
eient numfeei* of steedlling^ of a good description cati 
be got from the ridgefii« 

S^or cultivation which d^peniis on jrain-fall, oi^ 
cultivation on higher saildba, where tht plants 
depend partly on fdin-fall and partly on percolation 
nurseries are indispensable^ ^hey are also Wanted 
f6t road'side, Well and grove planting. The soil has 
to be dug 12 inches deep and prepared care^Uy^ 
as described in the general remarks on artifidial 
cultivation* The seed which has to be sown in 
March can either be sown broadcast in lines a foot 
or 18 inches apart, or on ridges, a foot or 18 inches 
apart The distance of lines and ridges depends on 
the length of time we intend to leave the seedlings 

T 
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ifi the Burswy; WeHs have to be "aseiT for w^terii^ 
*he Itod; If the w«fcer is' far bfelow the crtirface^ 
we mu«t work Persftan wheels with buUocks^ bwt 
a "teead- wheel worked by a'coolie m cheaper, provided 
tb6 wstter k hean The seedlings are fit for trans- 
banting -in the -rains of the sam^ year, but ^ii 
serve -for 'winter transplants or' rain traiispiants itt 
ihe foHowing year. JEload-'side^ 'transplants should 
bfe -allowed to remain ioi the ^nulrsery till the sedond 
wiittor^ Their roots ^should be cut ddWfl in thd 
nsebond'spring to about nine inches lotig by a ^W 
digs with a sharp spade; This will fkctlitate the 
transplaMing and e^sufe success (see Chapter I ^) 

« 

Ttdnsplantihg'4 

^Trannpiftnting. ffj^^ gj^gji bears transplanting well with or with- 
out earth, according to circumstances. , 

The tree niust be iri rest, that i& to -say, dt 
must not be in leaf, and the soil must be -moist to 
allow transplanting without earth. It succeeds best 
on very fresh sailaba or on irrigated land[, and -with 
young plants without side-shoots to their roots. The 
?moi*fe fUvdrable tiMi^ for 'planting 6ti '6aiMt)a i^ 
^Ufirig the winter "^rairife/Atid on irrigated laiiii, during 
-Janiiary and 
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'It is -eStecuted, as descritied iri Chapte^ ^I, oil 
pi^evlously •'Watered* soil.- The utmost dare must .be 
tatehto fix thcwbol^ leng&^of thfe root ^with loose 
soil in such*' a 'way «^a8 to^ establish thfe plant finnly^ 
Thte seedlings' must be Watered in early spring, an^ 
it wfll be ^u Ad that ikaelyi grow more rapidly than 
the -seedlings of thfe ' 'safiie age -whioh "were nev^ 
• mroTed. 
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With proper watering hardly a plant is lost 
in this way. I would recommend this exceedingly 
economical method for the cultivation of Sissu round 
wells. The distance must be five feet apart in the lines. 

On saildba land holes must be dug about a foot 
diameter and 1 8 inches deep. The plants are placed 
therein, and fixed with loose soil, as described in the 
chapter, " General remarks on artificial cultivation." 
Plants of a year and half old are preferable to 
younger ones on such soil. The best distance is five 
feet quincunx. 

Transplanting with earth xmy be executed 
either during the rains or in winter. On irrigated 
land the planting of Sissti with the earth is waste of 
money ; but for road-side plantings or when the 
land is entirely depending on rain-fall and dew, it is 
the only cultivation from which a certain succe^ 
can be expected. 

The process of transplanting with earth is the 
same with all treeS; and has already been discussed 
in Chapter I. The best distance^is five feet quincunx. 

Winter transplants are benefited by a single 
watering at the time of transplanting. 

On saildba, or on moist light soil, a second 
watering is not required, but on a more binding soil 
and for all road- side planting the seedlings should 
be watered throughout the spring till the rains set 
in. A watering twice a week is quite suflScient. 
In the second spring they should, even on road-sides, 
be only watered when they show signs of distress. 
Rain transplants on road-sides should be watered 
throughout the following spring if the soil is dry and 
binding. On places where the trees require a second 
yearns watering, and canal water is not obtainable, 
Kikar should be cultivated instead of Sissti, 
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If the conditions of soil and moisture are the 
same as described in the preceding pages, the Sissu is 
one of the most valuable trees for the planting of 
road- sides, groves and grazing grounds. The shade of 
the trees is too intense for cultivations in fields. 
Though the tree can be cultivated by means of 
cuttings, the above-named methods are so easy, safe, 
and cheap, that there is no need to discuss that point. 

Natural reprodtictim^. 
'NTatnrai repro- As remarked somewhere else, Sissii seed will 

duction. .11 . p 

germinate under the protection of parent trees, and 
the young seedlings will flourish in their shade if 
only the soil is loose enough and suflGlciently moist. 
This fact, and the natural reproduction of the tree 
on the Kdchi and on the Ganges islands, furnish 
ample proofs that it is possible to reproduce the 
Sissii in a natural way as a " High Forest." The 
mature trees bear nearly every year a good crop 
of seed, which facilitates reproduction. 

Dense forests, such as our plantations will be, 
must be thinned for the admission of light and air. 
The entire process of this reproduction has been 
described in Chapter II. After the reproduction 
has been completed, a few of the seed trees may be 
allowed to remain standing to expand into strong 
timber trees during the next rotation. 

If the rotation is fixed on twenty years and up- 
wards, it is advisable to dig up the roots of the felled 
trees, as they will have lost much of their power 
of coppicing. The working of the soil is an 
additional preparation for the reception of the seed. 
If the forest is to be cut at a shorter rotation (for 
fire- wood only), the roots should be left in the ground. 
They will soon produce a crop of coppice ; and a 
seedling here and the^e will form th^ new fpreat 
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under the standard trees left (coppice under standard 
trees, see Chapter II). On irrigated land and on fresh 
sailaba, I recommend the first-named method with a 
higher rotation. On land depending on rain -fall only, 
the last method will be found to answer better ; on 
such soil, and under such climatic conditions the cut- 
ting of the forest should proceed gradually, allowing 
seedlings to spring up under protection against the 
direct influence of the sun. As soon as the ground 
begins to be covered with grass and weeds, the 
recultivation must be completed by artificial means. 

The seed of the Sissti is broad and light, and 
cannot reach the soil through a cover of weeds and 
grasses ; it is therefore necessary to assit with artificial 
cultivation as soon as such a cover begins to form. 

Intermixing other species of trees. 
On fresh saildba, the real home of the Sissti, intennixing other 

,- . , . . /» ,, . . species of trees. 

the intermixture oi any other species is unnecessary, 
and it will be found that, if not severely thinned out, 
the Sissii is apt to overgrow and suppress nearly all 
others, the Kikar not excepted. Of this we have 
several examples. At the Government plantations, 
Jugidn and Ludidnah, Kikar and Sissti were cul- 
tivated together, and we find now clear Sissti forests 
only. The Kikar did not die of frost, as in some 
of the other plantations, but was fakly choked. 
J hand, Reni, Phuldi and other slower-growing 
trees have no chance at all on such a soil. 

On a binding and irrigated soil an intermixture 
of other trees succeeds, and may be recommended, as 
it ensures a more equal covering of the ground on 
places not quite suited to the Sissu, and such will be 
found on the best of bdr lands. 

The trees I would propose for intermixture on 
irrigated land are the Jhand, Reni, Phulai, Ber 
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and Fardsh. I recommend the intermixture of Kikar 
and Mulberry only when the soil and climate suit 
exactly. The change of temperature in an irrigated 
plantation is too severe for the Acacia Arabica, and 
the tree is certain to die down to the roots. A group 
of trees may escape here and there, but the dry wood of 
the dead trees serves as breeding places for a small, 
most obnoxious, and already often-mentioned insect 
of the genus Bostrichus, which attacks after a time 
the healthy Sissti. At Changa Manga Plantation 
this insect has as yet only been found in ' compart- 
ments which were intermixed with Kikar, and which 
are in consequence annually filled with dry sticks. 

The danger accruing to the rest of the forest 
through the intermixture of Kikar is far greater 
than the advantage we would derive from it if it 
escaped the frost. The intermixture of the Mul- 
berry tree should also be avoided, because it requires 
a severer amount of watering than the Sissu. On 
land depending, or partly depending, on rain-fall, 
(South of the Sutlaj), the conditions alter again. 
Here the Kikar and Bdr are the best trees to be 
intermixed. The Kikar grows more rapidly here 
than the Sissti, and, being satisfied with a smaller 
amount of water, its cultivation is less expensive. 

Further treatment af Sissu Forests. 

mlrf'^ot S During the first four or five years no thinnings 
forests. ^YQ required in Sissti forests cultivated by trans- 

plants at five feet apart, as the trees have enough 
space and draw each other up; hut the thinning 
must begin in the second year if cultivated by 
means of sowings. The average scale of distance 
for Sissti thinnings, as calculated by me, is 2^ feet for 
trees from 5 — 10 feet high ; 5 feet when the trees 
are 10 — 20 feet high ; and 10 feet when above 20. 
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Acacia Arabica« 



The first thinnings should always be executed 
in spring, after the plants have sprouted, for reason 
already given in Chapter III. In case of natural 
reproduction, coppiced plants should always be cut 
out in preference to seedlings. 

Sissti trees in groves, on road-sides, and on graz- 
ing ground may be pruned with benefit to their for- 
mation and growth, but the pruning should always 
be done with a saw, and in accordance with the 
rules laid down in Chapter III, 

Acacia Arahica. 

The Kikar requires a great amount of light and 
air, and covers a considerable area if grown in the 
open. It sends its tap-roots much deeper down than 
the Sissti. Dr. Stewart, in his " Panjdb Plants/' 
states that he has seen the tree nowhere indigenous 
except in Sindh, but it grows well in the Panjdb 
plains as far north as Rawalpindi. The tree thrives 
best on a sandy loam and loamy sand ; also on a sandy 
soil, provided it has a certain amount of sub-soil 
moisture. On heavy loam soils too, it grows well, but 
only when the soil has been thoroughly worked and 
loosened, at least during the first youth of the tree. 
Abrupt changes between heat and cold are most 
hurtful to it. 

The Kikar germinates and grows by means of 
rain-fall only, but at the same time resists a flooding 
better than the Sissti, provided the tops of the 
young trees are not under water. 

The Acacia Arabica flowers in March, and 
its seed ripens in June. 

Cultivation^ 
If the seed is healthy, the grains fill up the seed Cuitivatioixi 
places in the pod, and have a round and full appear- 
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ance; their colour is a shining dark brown. The seed 
is of a dry description ; it is easily preserved in seed 
houses, but must be carefully guarded against mice 
and rats. If the seed has to be kept for the next 
spring's cultivation, it must be turned from time to 
time, as a small insect will be found to attack it 
(curculio) . 

The seed germinates easily under the influence 
of rain-water, percolation, or irrigation. Seed which 
has passed through goats, or has been mixed with 
wet manure before sowing, germinates more readily. 

On irrigated land the cultivation is easy enough, 
sown like the Sissu on the side of the ridge. The 
Kikar requires much less water after it has 
once germinated, but it suffers much from frost. 
None of our cultivations on irrigated land have suc- 
ceeded, though all of them came up well, and reached 
a height of 12 feet and more ; they freeze every year 
down to the ground, and though their roots coppice 
readily, and a group of trees escapes here and there, 
the majority succumbs at last. The cultivation 
requires about half a maund of seed per acre. 

On saildba land, the KIkar may be sown either 
on strips or seed places like the Sissti, but the seed 
should be covered more thickly with earth, which 
ought to be pressed down on it. The width, dis- 
tance and manner of preparing these strips or places 
depend on the same external circmnstances as 
mentioned under the general rules of artificial culti- 
vation. Under ordinary circumstances, we sow in 
the beginning of the rains. The young seedling will 
appear above ground about 15 — 20 days after sowing, 
and reach in the same year a height of 1 8 inches to 
two feet. On ground liable to be flooded, we must 
sow at the end of the rains for reasons explained in 
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Chapter I, The plants will soon germinate, but 
only reach a. height of 5 — 6 inches before the cold 
weather sets in. 

The Kikar suffers on sailaba land much less, 
from frost than on irrigated land, but it is advisable 
to protect the young plants through the fir&t winter^ 
especially those raised from seed sown during the 
end of the rains. If the grass surrounding the seed- 
lings is high enough, the easiest way is to tie it 
together shove the young plants ; but ff the gras& 
is too shoi't, the best way is, to take a good handful 
of long grass, tie the top together, and put it over the 
plants in the shape of a conical hat. This can be 
done at a cost of 4 — ^5 anas per acre. 

The grass must be taken off in the b^inning 
of March, when the night frosts have ceased. The 
trees will grow 4 — 5 feet high till the next winter^ 
and no danger from frost is then to, be apprehended., 
Even as far South as Dehli, young Kikar sown during 
the end of the rains suffer tronx night frost during 
the first winter. 

Many sailaba landis get muddy and slushy during; 
the rain3, and in conseq^uence inactive. The seed 
will germinate> but rats at once in the soft warm?, 
mud. The sowiag, in such instance, mjist be put 
off till the end of the rains. The Dehli Plantations,, 
where such conditions of soil prevail, afforded me 
an opportunity of ascertaining the value of airfiumn 
sowings. In the first year, we sowed during the 
rains, and succeeded only partly on the highei-. 
and drier parts of the plantations. A portion of* the 
Kikar seed, however, was left, and as. we hadi 
no further use for it, we sawed in strips during the 
fi rst days of September on some soft, but not xnuddy, 
soil. This succeeded admirably, and further experi- 
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ments have convinced me that autumn is the right 
time for sowing on such land. On very light soil 
the Klkar seed should be covered more thickly ; 
little holes two inches deep may be pressed into the 
ground with the end of a stick, and the seed dropped 
into them. The hole is then closed by scraping 
soil in it with the foot, and the earth is pressed down 
with the heel. A ground only slightly covered with 
weeds and grasses is required for this cultivation. 

On light soil the young Kikar suffers much from 
the ravages of rats, which gnaw their roots. I have 
observed that tl^ese animals burrow along the lines of 
trees and cut every root as they proceed. To pre^ 
vent this to 3ome extent, I prefer sowing on seed 
places. The rats have then to dig through a consider- 
able amount of soil before they reach the root of the 
next tree, and extensive blanks caused by them are 
more easily prevented, 

In the more inoist 1st and Snd class Districts 
of the Panjab plains, Kikar germinates and 
flourishes on land depending on rain-fall without irri- 
gation, provided the ^oil is fresh ^Tid contains sub- 
3oil moisture. The ground may be ploughed up, 
the seed sown broadcast, harrowed, and, if possible, 
rolled before the agtual summer rains set iii ; strips 
may be plougl^ed up and the seed Qown in Unes, 
or places dug £^nd sown. But with all these dif- 
ferent methods the chief point is to press the soil 
well down. The Kikar sho\vs a natural tendency 
to grow on well-wqrked and slightly-raised ground, 
The best method therefore is to draw shallow 
trenches si^ inches deep, forming tl^e soil into a ridge, 
and sow on the side of it Ixx our plantations, 
the Kikar sown on the side of the boundary ditch 
show by far the most lively growth. I recommend 



CHAPfER IV. — CULTIVATION, ETC. OF PANJAB TREES. 1*7 



a distance of 1 5 feet between these trenches, and 
would plant Sissu transplants at 7^ feet apart 
between the ridges, with a view to the future 
improvement of the forest soil. An unmixed Kikar 
forest should be sown at 7^ feet, but such a forest 
hardly produces a humus soil on account of its open 
growth and the inconsiderable leave-fall. Even in 
a closed Kikar forest the ground is covered with 
grass and weeds, as may be seen in the Ludianah 
Plantation* 

On low ground where water is likely toool- 
Ject, the raising of the soil for the seed is'^of special 
value, and here little heaps of soil one to two feet 
liigh may be thrown up and th^ seed sown on the 
top of them. As on account of its open and little 
shading growth, neither cerealia nor grasses suffer 
beneath the shade of the Kikar, It is therefore 
especially adapted for cultivation in fields and on 
grazing grounds. 

Sowing in nurseries. 

The same methbd is pursued here as with Sissu. Sowing in nur. 
The sdil is thrown up in little ridges on which the 
seed is sown. The young seedlings, when they 
have appeared above ground, must be less frequently 
watered than Sissu. On irrigated land the seed is 
sown in March, and the plants will be ready in 
the rains ; but if the seedlings are to be raised with- 
otit Watering, we sow during the rains and plant in 
the following rains. The young plants should be 
covered with grass during the winter months. 

Transplan ting. 
it is a fallacy to believe that Kikar cannot be Transiaahtiiic^^ 
transplanted. I have tried it myself on a small scale 
at the Dehli Plantation with complete success. 

I 

i 
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Transplants with the earth can be put out during 
the rains, as well as in the winter months, if care 
be taken to preserve the whole of the tap-root 
intact. I have observed that winter transplants 
benefit by being cut two inches above ground. A 
covering of these plants is under such circumstances 
not necessary. As yet, I am not prepared to give 
an opinion whether Kikar can be transplanted with- 
out earth. 

Natural reproduction. 

Natural repro* The Kikar naturally reproduces itself by 

means of seed and coppice* All the innumerable 
young Kikar we see on so many fields in this Pro- 
vince owe their existence to natural reproduction. 
The seed is heavy, and falls straight down 
from the tree* The young trees we find at a dis- 
tance must therefore have been carried abroad by 
birds, or must have passed through animals. 

As mentioned above, the soil in a clear Kikar 
forest is mostly overgrown with grass, and the 
natural reproduction of such a forest without' assist- 
ance can only be partial and slow. It will be found 
useful to loosen the soil after cutting a small num- 
ber of trees and to scratch the seed in and cover 
it, thus combining artificial cultivation with na- 
tural reproduction. By this means alone we can 
count on a rapid reproduction. If Kikar trees are 
old, it will be as well to stub the roots out and to 
sow round the hole ; this will always succeed. In 
young Kikar forests, with the power of coppicing 
still strongly developed in their roots, the stumps 
may be left in the ground and cut repeatedly. If 
some of the old trees are kept as seed trees, and 
artificial means are sparingly employed, the most 
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satisfactory reproduction may be expected.' (See * 
general rules, coppice under standard). 

Further treatment of the Kikar. 

Naturally reproduced Kikar forests will, in Further treat 
this province, hardly ever need an artificial thin^ng Kikar. 
out. But when they are created, or artificially 
reproduced, they grow up very dense, and require 
an early thinning. I cut them in their second year 
to a distance of 2^ feet to 3 feet apart, and in 
the third year to a distance of 5 — 6 feet, and again 
after two years to 10 — 12 feet, at which distance they 
should remain till they can further be thinned for 
fire-wood. 

The first thinnings, when the w^hole tree is 
overgrown with thorns, are difficult to execute. The 
easiest way is to cut the young plants with heavy 
garden scissors, and to pull them out of the lines 
with short iron hooks. 

April and May are the "months for thinning. 
If thinned in the cold weather, the coppice will 
spring up and grow as tall as the preserved trees. 
Where the soil is too dry for the Sissti, the Kikar 
makes an admirable road-side tree. 

The tree stands pruning well, but as the 
wounds heal slowly, the operations must be carefully 
performed . though torn branches and uneven 
wounds do not decay rapidly on it. 

Acccia elata.—safed Siris. , Acacia eiata, 

The tree is not indigenous in the Panjdb, but ^ ^ ^^^* 
we find it cultivated. I have constantly observed 
that it grows best on a light, loam soil, such as we 
find in the Jdlandhar District, and on very old 
sailaba. It is one of the quickest-growing trees 



150 



CHAPTER IV. CtLTlVATJON, £TC. OF FAXJAB TREES. 



in the Panjab plains, and as the wood is very useful, 
it should be largely cultivated. The tree suffers 
from frost in the more northern parts of the Panjab 
plains, especially if grown on irrigated land, on heavy 
cold soil, or within forests. The roots of the tree are 
of a soft description, and kankar or clay beneath 
the surface of the soil destroys it. 



Cultivation, 



Planting, 



Cultivation. 

The seed ripens in April. On irrigated 

land the seed sown on the ridge in the months of 

Aprils May, and June germinates readily. It 

takes about 1 5 days to germinate in April, and half 

of that time in hotter months. The seed requires 

about the same amount of watering to germinate 

as the Sissu, and the young plant a little less than 

the young Tali. The tree grows from 5 — 7 feet in 

the first year, but on bar land it escapes but rarely 

the effects of the frost. When killed down to the root, 

the tree will coppice again, and in the second season 

some young trees may escape. On sailaba, the seed 

if sown in the rains will germinate readily, but it 

should be sown on old sailaba only which is not 

liable to be inundated, the tree not having the same 

power of resisting floods as the Dalbergia Sissti and 

Acacia Arabica. The tree suffers less from frosts 

on such lands. On land depending on rain-fally the 

soil must be of a very superior description, either 

a sandy loam, or loamy sand, and must be very 

fresh. The rain-fall too must be very considerable 

to secure success. The time for sowing is during 

the rains. 

» 

Planting. 

The tree when grown in nurseries ( which ought 

to be laid out, sown and treated like Sissu nurseries) 
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can be transplanted with earth either during the rains 
or in winter. Thus transplanted, the tree is especially 
adapted for road-side trees. On all other but 
very fresh soil it requires, a further watering. 
Winter transplants ought to be watered till the rains 
begin, and rain transplants ought to get an occasional 
watering till October, when the vegetation 
begins to rest. It depends entirely on the condition 
of soil if the transplants have to be watered again in 
the next year. Single trees on the road-side do not 
suffer so much from frost. On^ irrigated and moist 
sailAba land they can be transplanted without 
earth, like the Sissd. 

Cutting. 

The tree grows readily from cuttings ; but as Cutting. 
the plants grown from seed are, as a rule, stronger 
and healthier than those reared from cuttings, it is 
unnecess9,ry to discuss this way of cultivation. 

Acacia speciosa,, Siris. 

The tre^ grows wild in nearly all the lower hills, 
and we find it cultivated all through the province. 
Its entire habitus is very much the same as that of 
the preceding tree. It prefers light loam soil, 
thrives moderately well on sandy soils, and succeeds 
but badly on bdr land, The changes of heat and 
cold on uncultivated bar land are too severe for this 
tree, and in an irrigated Doab plantation only a 
small proportion of the seedlings live through the 
winter. 

The natural home of the tree is the terai, wrup 
the frost is certainly severer than in the plains, but 
nothing like so abrupt. 
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Treatment. 



Cultvjation and Meprodnfition. 

^f^^^^^^ The seed ripens in January. The cultivation 

is the same as that of tiie Acacia ekta, and like 
that tree the Sins is one of the Jbest species for 
road-side planting. 

Both trees are very much injured by injudicioix» 
and careless lopping, which inevitably causes dry 
rot and encourages destructive insects to attack th© 
tree. 

Acacia Stifulata, Ohi. 
The natural home of this tree too, is in lower 
Himalayas. It suffers from the rapid climatic 
changes in the plains, especially in a bdr or desert 
climate. In Changa Manga, where it germinates, 
readily and grows rapidly, we have not succeeded 
as yet to keep it alive through the winter, though 
there is no doubt that it grows well in better-cultivated 
parts of the Panjdb plains, where the climate is 
milder. 

The Ohi seems to dislike a very heavy soiL 
The cultivation is the same as that of the two> 
preceding trees. 

The three last-named trees are especially 
adapted for district arboriculture in the district* 
underlying the hills, such as Gujrat, Siillkdt,. 
Gurd^spiir, Hoshi^rpiir, Kdngra, J&landhar„ 
Ludidnah, and Ambalah. In Kdngra, Gurddsptir,, 
and in some of the other districts they might be 
grown with advantage in forest plantations, provided 
good soil is selected. 

Cedrela toona, Tun. 
This handsome and useful tree is indigenous 
in the lower hills up to 2,000 feet. It was 
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formerly cultivated throughout the Panjdb and 
strictly preserved ; under the British rule, however, 
it has baen greatly neglected, and there are but few 
good-sized trees left. Within the few last years 
many efforts have been made to re-establish it. 
The formation and foliaofe of the tree indicate that 
it stands a considerable amount of shade^ In the 
earlier stage of growth, the young plants not only 
tolerate shade, but actually require protection from 
the sun. The frost kills them in the first year, 
especially in the b^r and on irrigated land ; but 
when they have attained the age of two or three 
years they are hardy enough to withstand the 
effects of the frost. The Tiin requires a rich soil ; 
but, as the more lateral growth of the roots indicates, 
it is not necessary that the layer of good soil should 
be more than a few feet deep. The tree wants a 
good supply of water, and will grow even on an 
inferior soil if kept moist enough. It is very liable 
to the attacks of a lepidopterous insect, which 
consumes the pith of the young shoots. 

Cultivation. 
The seed ripens in June, and the fulness of the Cultivation. 
grain indicates its healthy condition. Throughout 
the province the tree requires a great amount of care 
during the first year of its life. The young seedling 
wants protection against the direct rays of the 
sun in summer, and against frost in winter. Sowing 
in the open is therefore, if not impossible, at 
any rate impracticable, and would entail useless 
expenditure. Transplanting would seem to be the 
best and cheapest method. The transplants can be 
raised either in pots or in nurseries, but I find nur- 
series produce the better material. The best position 
for such a nursery is under old trees, or between two 

V 
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lines of Sissti, Kikar, or Mulberry, which have not 
closed overhead The soil should be a rich black 
humus, such as we find in old forests or old native 
gardens. It must be well worked and cleared of 
roots. The seed should be sown in the beginning 
of June, as the spring sowings would hardly be 
strong enough for summer transplants, and they 
would grow of too large a size in the nursery to 
be easily protected against frost. The seed may 
be sown broadcast, but I prefer sowing it on small 
xidges on account of the watering. The seed, which 
must be covered lightly, will germinate after 8 to 
10 days, and in the beginning of November the young 
plant will be about a foot-and-a-half high. At this 
time the seedlings must be covered, and remain so 
up to the end of February. Transplanted either in 
March or during the rains they will reach a height 
of 7 and 5 feet, respectively. On bdr land, the trees 
must again be protected during the winter, especially 
if grown in a plantation. Singly, on road-sides, or 
fields, the tree has a greater power of resistance on 
account of the free circulation of air. In the third 
year it will be tall enough to be beyond the reach of 
night frosts ( see Book I, Climate ), 

When the surface soil is not quite fresh, the 
Tiin tree, owing to the more lateral formation of its 
roots, requires in nurseries, or as transplants, a 
greater amount of watering than the Dalbergia Sissti, 
and road-side trees must be watered another season. 
The tree, though valuable on road-sides, round wells, 
and within villages, causes great harm in fields, 
owing to its intense shade. 

Natural reproduction, 

Naturi repro- The seed germinates well under mature trees, 

and I am convinced that natural reproduction, if 
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eombined with artificial cultivation, will answer 
well, but it has not been tried as yet^ 

Further treatment. 
I recommend a very lenient and late thinning Further treat- 
to prevent the tree from separating close above 
ground and forming branches. In the open it is 
difficult to prune it into a high trimked timber tree, 
though wounds caused by lopping heal quickly. 

MoRus Alba, &c., Tut, Mulberry. 

These trees are cultivated all over the Panjdb 
plains and in the hills up to 5,000 feet. The wood 
of good old Mulberry trees is most useful both as 
timber and fuel ; but as they are seldom quite healthy, 
they produce but rarely timber of good shape. On 
a good loam soil the Mulberry grows well and fast, 
not so readily on saildba, and on bdr land only with 
considerable watering. The tree wants more mois- 
ture than the Dalbergia Sissti, and the young plants 
are easily affected by drought. I have observed 
that they died off on heavy soil in July and August 
as soon as they sprung up, if not constantly watered. 
The trees, after reaching a certain age, become 
diseased, especially on saildba and bdr land. I 
maintain, however, that the climate of the plains is 
the chief cause of their decay. Careless pruning 
is exceedingly hurtful to this tree. I recommend its 
cultivation in the districts underlying the hills. 
The clay soil of the Peshdwar valley, intermixed as 
it is with micaceous sand, seems to suit the nature 
of the tree, and we see it there healthier, though 
smaller, than in other parts of tho Panjdb plains. 

Cultivation, 

The .different species of the tree ripen in May cultivation, 
and June. On irrigated land they succeed best if 
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sown on the ridge like the Sissu. Up to 20th of 
July they may be sown, and if well watered they 
will hold their own against Sissu of earUer sowing. 
They require to be watered till the end of October^ 
as even November sun is dangerous to them without 
a moist ground. 

When sown on moist sailaba they will germi-^ 
nate, but not so well as the Sissu. Sowings will 
not succeed on land solely depending on rain-fall^ 

Planting. 
Planting. It is oasy to raise Mulberry plants in nurseries 

and to transplant them, and in this respect the tree 
is even hardier than the Sissu. Provided the soil is 
moist enough, plants with half-destroyed roots will 
bud and grow readily. With the exception that a* 
Mulberry nursery is sown in June or beginning of 
July, the preparation and treatment are the same as 
that of a Sissu nursery. The transplants may be 
put out either in the rains, or in December, January 
and February, and, like the Sissii, with or without 
earth. The tree can be grown from cuttings. For 
road -side planting it is not of much value, as it is 
much affected by lopping and browsing. It gets 
diseased at an early age, loses its leaves by attacks 
of insects, and dies soon under such circumstances, 

ZlZYPHUS JUJUBA AND LOTUS, BeRI. 

This tree is useful for timber and fire- wood ; the 
leaves are much valued as fodder for cattle, and, if 
grafted, the fruit is highly prized. The tree is 
common throughout the Panjdb, though Dr. Stewart 
doubts its being really indigenous in this province. 
It grows mostly on cultivated land or on sandy loam, 
but not like its congener, the small scrubby malla 
nummalaria, in the hard and arid soil of the "B&r." 
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It succeeds on a saline loam on which Sissti, Tiin 
and Mulberry do not answer, and requires much le£S 
water than Sissti. It is nearly as hardy in this 
respect as the Klkar, and at the same time suffers 
less from frost than this tree. On bdr land, even 
this hardy tree freezes often down to the ground 
during the first winter. 

Cultivation. 
Towards the end of May, when the fruit begins Cultivation. 
to get quite soft, the seed is ripe. 

On irrigated land, the tree succeeds well if sown 
in June on the ridge. The seed germinates after 
10 — 15 days, and the plants will attain a height of 
1 — 2 feet during the first season. 

On saildba, the best time for sowing is during the 
rains ; and if the soil is loose, the seed must be sown 
deep. The best way is to make a hole in the ground 
with a stick about two inches deep to drop the seed 
in and to press the earth down on it with the heel. 

Seed sown in shallow places or lines is 
constantly scratched up by the jackals. When 
germinated, the seedlings will grow 8 — 12 inches 
high during the season, and suffer in rare instances 
only from frost on such lands. 

If land depending on rain-fall is fresh and the 
rain-fall considerable, the trees can be grown directly 
from seed as on sailaba land, but a safer way is to 
transplant them. The seedlings are reared in 
nurseries watered by wells. Sown in June the 
young plants can be transplanted in December, 
January, or February, or during the following rains. 
The tree does not seem in favor for road-side cultiva- 
tion, but we see it frequently near wells, in fields and 
near houses and villages. For district arboriculture 
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it must be reared in nurseries, if it is to be planted 
in unirrigated fields, or on road-sides ; but for well- 
cultivation, or as boundary trees in irrigated fields, 
it must be raised from seed. The tree in its varieties 
should be cultivated in all parts of the Panjab plains, 
except in the arid portions of the lower hills and 
such parts of the bar as cannot be irrigated. 

Natural reproduction. 

d ^tt^*^ ^^^^ ^^^ *^^® coppices vigorously, and yields a dense 

shade as coppice wood. It will be of great value 
for coppice under standard. 

It can be grafted as described in the general 
rules of artificial cultivation. 

Salix, Willow. 

We have as yet cultivated only two species of 
this tree in our plantations in the plains, Salix 
babylonica and Salix tetrasperma. 

Without irrigation they grow only on very 
moist sailaba in the immediate vicinity of rivers ; 
but with canal irrigation and close to ditches and 
water-cuts they are easily cultivated. The best time 
to plant the willows on irrigated land is January, 
February, and March, and the best way is to plant 
them with a peg. A hole is first made into the 
previously-irrigated soil 5 — 10 inches deep, and the 
cutting put into it, as described in the general parts 
of this pamphlet. 

On sailaba land the cuttings can be put in 
either in December and January, or during the 
beginning of the rains. Extensive willow plantations 
on low sailaba land are the best protection against 
the washing away of the soil. The following is the 
most effectual way to make such protective planta- 
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tions : a hole some 15 inches square and 12 inches 
deep is dug, and about eight or ten cuttings are 
placed in it close to the sides. Another hole of the 
same dimensions is dag at a distance of 3 — 4 feet, 
and the first hole is filled up with the earth of 
the second. The soil is then pressed down with the 
foot, care being taken not to damage the cuttings. 
In this way the work proceeds till the area is filled 
up. The best cuttings are made of wood from 2 — 4 
years old. On very wet soil 4 — 6 years old wood is 
used. 

The many jhils we have in this province should 
gradually be planted with willows and tamarix, and 
thus a great amount of useless ground would be 
reclaimed for arboricultural purposes. A previous 
drainage, especially of heavy and binding soil, is of 
<50urse a great help to arboriculture, but much can 
be done without it by forming ridges, or little 
mounds and plant on them. 

Salix alba and some of the other hill willows 
should be much more cultivated near water-courses, 
as it fixes and secures their banks. 

AZADIRACHTA InDICA, NiM. 

A tree commonly planted in the South-East of 
the Panjjlb. Phillour seems the last place. North - 
West, where it succeeds well. At the Ndg Plan- 
tation, Changa Manga, and even on milder saildba 
plantations, the tree dies of frost. It prefers a loam 
soil, and we have not been successful on light and 
moist saildba soils. 

Cultivation. 

The seed ripens in July and August. Cultivation, 

We have so many better timber and fuel trees 
in our province, that the Nlm has httle interest for 
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118 as a forest tree, more so, as the other trees grow 
quicker, and their general habitus, as r^ards forest 
growth, is better adapted to the rougher climate of 
the Panjab. On account of its intense shade, how- 
ever, and for other good qualities, the tree is worth 
planting on roads, near Tillages and wells, and in 
plots on grazing ground. 

The easiest way is to raise the seedlings in small 
nurseries, and transplant them with the earth either 
during the rains or in December. The transplants 
require but little watering, and only till the beginning 
of the rains. 

Me LI A AzEDARACH, BaCKAIN. 

This hardier congenei* of the preceding tree 
flourishes in the North and North- West of our pro- 
vince. The tree prefers a loam soil, but grows and 
prospers on any soil, with the exception of the 
unirrigated bdr land. 

Bakain wants less water than most of the other 
trees recommended for district arboriculture, and 
does not require as much care. In a plantation or 
forest, the tree is considered a weed only fit to 
cover the ground till we have been able to cultivate 
other trees ; but its hardy growth, its few require- 
ments, and the luxurious shade it yields, make it a 
favourite tree for well-cultivation and for shady 
topes on grazing grounds. 

Cultivation. 
Cultivation. The sccd ripeus in January and February, and 

remains on the tree till the leaves reappear and the 
new seed begins to form. It may be sown in March, 
but must then be watered, or it can be sown during 
the beginning of the rains. The young plants may 
be transplanted either in December, January and 
February or during the rains. . 
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As the tree is only cultivated along road-sides, 
wells, &c., the beat way is to plant them with earth, 

SizTQiuM Jambolanum Jaman. 

The tree is cultivated in the districts underly- 
ing the hills, and eminently adapted for well and 
village cultivation. It attains a large size, and the" 
wood is far better than that of the Bakdin, or even 
Nim tree, though not equal to that of the Siseii and 
ICikar. It yields an excellent shade, and the truit 
is highly valued by the natives. 

The Jaman does not require a deep soil ; it 
succeeds well on a loam soil with boulders and gravel 
below the surface. On b4r land this tree suffers 
from frost, like most of the inhabitants of the TerAi. 
In the Ndg Plantations the seedlings sprung up 
readily enough, but froze down every winter. In 
the plains proper of the Panjdb the tree is certainly 
not a forest tree ; but if Terdi Plantations were 
initiated, this would be one of the trees worth 
selecting. 

Cultivation. 

The seed ripens in Jane. For district arbori- c 
culture young plants ought to be raised in the 
district nurseries, and be transplanted during Feb- 
ruary with earth. 

Mangifera Indica, Mangoe. 
This is decidedly a tree belonging to the more 
southern provinces, and is apt to deteriorate in 
most parts of the Panjib aa regards growth, fruit, 
and wood. The tree courts a rich, light, fresh loam 
soil, and a mild and even climate. Nowhere in this 
province can it be grown without protection ' against 
frost for at least two or three years. The natives 
protect and cherish this tree on account of its fruit. 
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and the cultivation mav be safely left to them. 
Government, however, should import grafts and 
establish grafting nurseries in each district. 

Cultivation, 

Ciiitivatioii. The seed ripens in June. The pulp of the fruit 

is removed and the seed washed in w^ater and sown 
in a box filled with rich soil. The seed mast be well 
watered, and will germinate after 15 — 20 days. In 
September the plants are put out singly, and should 
be watered every two or three days. In the begin- 
ning of November the young plant must be covered 
with grass to protect it against frost. This cover is 
removed in the beginning of ]\Iarch, and the tree 
must again be watered till the rains set in, and 
covered again through the winter. The following 
February the tree ought to be grafted or budded, 
which has been described under the general remarks 
on arboriculture, 

Tamarii^dus Indica, Imli. 

This tree is really an inhabitant of the more 
southern parts of India, and can only be cultivated 
successfully - in the Dehli, Ambalah, Karnal, and 
Multan Districts. 

Cultivation. 

Cultivation, The tree must be raised in small well-protected 

and watered nurseries, covered during the winter 
months, and transplanted w^ith the earth during 
February. 

Ficus Indica, Bor. 

This tree is cultivated throughout the Panjab 
plains, and, when once established, is satisfied with 
nearly any descriptions of land. 
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Ctiltivalion. 

The Bor is easily grown from cuttings, which Cultivation/ 
are planted in July. It is necessary to water them 
after the rains cease till the beofinninof of the cold 
weather. Cuttino^s of 8 — 10 feet lenorth will take 
root. Another way is to plant out in the rains the 
natural seedling^s which are found in abundance near 
old trees, and which have mostly been planted by 
birds. 

It is difficult to raise young plants in nurseries 
and not worth the trouble, as natural-grown planting 
material can be got in abundance. 

FiCUS RELIGIOSA, PiPAL. 

This tree is found cultivated over the entire 
Panjdb plams, and, like the Bor, is valuable as a 
shade-giving tree near tanks and rest-places. 

Cult iv at 1071, 

Like the Ficus Indica it is cultivated by means ^lUtivafeioa, 
of naturally-grown seedlings, and can be reproduced 
by cuttings, but they are less certain of success 
than the Ficus Indica. The time for both ways of 
cultivation is during the rains. 



Acacia Modesta, Phulai. 

The tree is indigenous in the Salt Range and 
in all the low hills East of the Satlaj. In anunclu- 
tivated state it prefers a rocky and- arid soil, but it 
grows well on canal embankments in the bar. In 
its natural state it has hardly ever had a fair chance 
of growing into a tree, as throughout the rakhs 
where it is found it has been constantly cut and 
broken doAvn, or browsed by camels, goats and cattle. 
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There are, however, good-sized trees near Jhelam in 
the Tilla and Pubbi Kakhs, and in the Nag Planta- 
tion all along the canal embankments. The tree 
flowers in June, and the seed ripens by the end of 
December and in January. 



C'V.ci ration. 



Cultivation. 

The seed, when ripe and healthy, has a green- 
ish-brown, polished appearance. It is a dry seed, 
and its germinating qualities are easily preserved. 
It must be carefully guarded against rats and mice ; 
but its greatest enemy is a little grey insect, a 
species of " curcuho. " When these insects have 
once got into the seed, they destroy great quantities 
of it in a short time. 

On iivngated land the tree grows but slow. 
Dr. Stewart mentions in his "Panjab Plants" a 
tree in the Sahdranpur gardens, about 30 years. old, 
which has only 5^ feet girth by 30 feet height. 
On account of this slow growth it would be an 
unremunerative speculation to raise unmixed forests 
of it on land requiring a considerable outlay for 
watering; but sown on the ridge intermixed wi^th 
Sissu and other trees, it affords a greater security 
to the cultivation, especially on the more arid and 
binding places. We have largely intermixed it at, 
Changa Manga Plantation. In rakhs which can, 
only be occasionally watered, the tree sown on seed 
places or on strips will be found to answer well 
and still more so if intermixed with Jhand, Rerii 
and Fardsh. The best time for sowing is March 
and April. 

On saildba the tree is after a very short time 
suprressed by the quicker-growing Sissu and Kikar, 
and it is not worth while to cultivate it. 
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If land depending on rain-fall is of a superior 
quality, where Sissu and Kikar can be grown, it 
would not pay us to sow Phulai ; but as it is one of 
the few trees capable of restocking arid and rocky 
lands with a forest, and improves the soil for the 
cultivation of the quicker-growing species of trees, 
we must not neglect its culture. On such arid land 
the soil should be worked in deep seed places, and 
the seed must be well stamped down in the begin- 
ning of the summer rains, which should be abundant 
to enable the seed to germinate. The entire Pubbi 
Range, near Jhelam, and all the low arid hills of 
the Peshdwar, Rawalpindi, and other districts at 
the foot of the Himalayas, might be restocked with 
Ibrests, if Phuldi were carefully cultivated. 

Planting. 

The tree when transplanted young succeeds well Planting. 
on fresh soil, but I am not prepared to state how it 
would succeed on arid land. Experiments must teach 
us this, as well as the best time for transplanting. 
I believe the summer rains to be the most favorable 
time, and would certainly recommend that nurseries 
of this tree be made; for, as a rule, planting succeeds 
better on arid and poor soils than sowing. Even 
on the most arid soil a portion of the seedlings 
are sure to succeed if mixed with Rer{i and Jhand. 
The cultivation ought to be repeated till a portion 
of the land is under cover ; and when this is accom- 
plished, the next area should be taken in hand. 
The cultivation and re-stocking of the arid lower hills 
mentioned above is one of the most important 
arboricultural questions, and fehould be taken in hand 
as soon as the more pressing plantations for the 
supply of Railway fuel are finished. ^ 
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Natural reproduction. 
Natural rcpro- The Phuldi wiU coppicc readily when cut down ; 



cluclioii. 



and as it coppices from the roots as well as from 
the stock, this way of reproduction will last for a 
long time. For treatment of the coppice forest, as 
w^ell as time of cutting, see general rules in 
Chapter II. 

Our coppice rakhs under present conditions 
are, without exception, ruined by rights and grazing. 
I believe that any one of them situated on toler- 
ably good soil would grow in 50 years into a dense 
forest if shut up against grazing, grass-cutting 
and other uses and misuses. To accelerate reproduc- 
tion and to shorten this period, we must combine 
artificial with natural reproduction. 

Acacia leucophlaea, Reru. 

This tree grows like the Phulai in the more 
arid parts of the Panjab plains, but prefers the east- 
ern portion of the province. Like the preceding 
tree it is but rarely allowed to reach its natural size, 
being browsed down by camels and goats. The 
largest trees are found in the vicinity of canals or 
other water. 

Cultivation, 

Cultivation. The seed ripens in April and May ; it is of a 

greenish brown color, and has a polished appearance 
when ripe. Being a dry seed, it keeps its germinat- 
ing power for years, but is very liable to the attacks 
of insects, which destroy large quantities of it 
if we do not take the utmost precaution. 

The manner and season of cultivation are pre- 
cisely the same as described for the Acacia 
modesta. Like the former tree it produces freely 
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by means of coppicing, and is as useful for the recul- 
tivation of our arid rakhs as the Phulai for tho 
re-stocking of the lower hills. 

Prosopis Spicigera, Jhand. 

This is another of the modest children of the 
soil. It prefers a dry Mr land, and sends its roots 
deep down in search of water. I have followed the 
roots of a Jhand tree in rakh Changa Manga to the 
depth of about 60 feet. It is lopped and browsed 
down more than any other tree I know ; and only 
its great vital power enables it to resist this ill-treat- 
ment and reproduce. 

I understand that M^la Ram, the great Fuel 
Contractor, causes the roots of all the trees in the 
extensive private rakhs between Mi^n Mir and 
Okara to be stubbed out, and it remains to be seen 
if he^will succeed in exterminating even the long- 
suffering Jhand and Karil. Whenever the tree is 
left undisturbed it grows to a considerable height. 
It is one of the very few trees able to penetrate a 
soil mixed with kankar. 



Cultivation. 

The seed ripens in June, and is easily preserved 
if protected against mice, rats and insects. 

On irrigated soil it germinates readily, and may 
be sown any time during the summer ; but here we 
cultivate it only as an intermixture in plantations. 
It does not suffer from frost, and covers the soil. 

On saildba land it thrives ; but there is no 
necessity for its cultivation. 

On lands depending on rain-fall the tree grows 
without difficulty, and th9 cultivation is the same as 
that of Eeru and Phuldi, 



Cultivation, 
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Natural reproduction. 

In no other useful tree is the pow^r of coppicing 
Natural repro" more stronofly developed than in the Jhand, and 

Ruction. . . 

" coppice treatment," aided by artificial cultivation, is 
the best way to reproduce it. 

Tamarix Orientalis, Farash. 

This tree grovirs throughout the Panjab plains 
from Dehli to Peshawar and Multdn. Its growth 
is rapid, and it attains a considerable size. It prefers 
a loamy soil, but is also found on hard clay soil and 
on sand. 

The Farash grows a thick tap-root, is very 
hardy, and does not seem to suffer from either frost, 
drouQfht, or excessive moisture. I have seen it 
growing in the Montgomery bdr, on sailaba land on 
the Ravi, on swampy soil near jhfls, and on saline 
'' kallar " land. 



reproduction. 



Cultivation and reproduction. 
Cultivation and The scod ripcus in January; it is very small and 

downy, and for this reason difficult to collect. As 
goon as it is quite ripe, the wind carries it away. It is 
therefore necessary to watch the ripening of the seed 
carefully, and to shake it into bags before it flies off. 

On irrigated lands the cheapest method to cul- 
tivate the tree is by means of cuttings ( for execution 
see Chapter I ), which may be planted in January 
and February, and again in June and July. The 
seedlings require a good watering for the first few 
months till they strike root. I prefer planting them 
in February. At Changa Manga we have put out 
over 500,000 cuttings during that month, and they 
have all succeeded. 

On sailaba land also, cuttings will grow readily 
if put out in JunC; and even on land depeiyiing on 
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raiii'fcdl they take root if the* rains are^ severe enough. 
On such lands, however, it is safer to plant seedlingSi 
Thousands of seedlings spring^ up after the winter 
rains, behind em»bankments, in water-courses, in- Rail- 
way cuts, &c., in fact, wherever the seed collected 
and the wind was unaWe' to dislodge it. These 
plants can be put out either in December, January, 
and February, or in the jrains ; and though it is safer 
to transplant them with the earth, they can be put 
out with naked roots, and in the driest districts 
require to be watered for a short time only. 

If such seedlings are not procurable they can* 
be grown from cuttings in an irrigated nursery. 
Small nalTahs, a foot deep,, are made about 2 feet 
apart^ and the soil is thrown up in a ridge between 
these trenches.- Cuttings of young wood about 18 
inches long are planted at a distance of 12' inches 
apart, and the whole plantation is watered. They 
are planted in February, and may already be utilized 
during the following rams, but it is better to wait 
till the next winter. Seedlings can also be raised 
from seed, but many precautions must be taken on 
account of the lightness of the seed. The sowino- 
nursery has to be carefully prepared in beds 3 feet 
broad, with a small trench running on either side. 
The seed is collected as described above,, mixed with 
sand, loam and water, and by this means the woolly 
or downy parts of the seed are removed. The seed 
is then sown with the sand and beaten into the soil* 
with a flat wooden shovel . The land should not be: 
flooded, but watered by percolation. 

Natural reproduction by means of seed as light 
as that of the Fardsh, can never be completely success- 
ful. Young trees will only spring up on entirely 
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protected places, and numberless seedlings may be 
found on one spot and none on another. It is therefore 
always advisable to combine the natural reproduc- 
tion with artificial cultivation. Much can, however, 
be done by digging trenches at right angles to the 
direction of the winds prevailng during the winter 
rains, wherever Fardsh trees are found. The seed 
will be caught in these nallahs, germinate, and blanks 
may be filled up during the following rains from the 
abundant seedlings. 

Cedrus Deodara, Diar. 

This splendid tree, already described in the 
Botanical Pamphlet, grows in all our Panjab hills 
from 4,000 to 9,000 feet. It prefers a well decom- 
posed gneiss or lime-stone soil, and, though it grows 
on the steepest and rockiest slopes, flourishes best 
on old levelled fields. The tree exhibits a decided 
preference for the North and West slopes of the 
hills, and only on the highest elevations above 8,000 
feet changes to the South and East side. 

The young plant thrives best on a rich brown 
humus soil, and succeeds but indifferently when the 
soil is poor and dry. Many of the failures of our arti- 
ficial cultivation are mainly due to the fact that we dis- 
regarded this point and tried to cultivate the tree on 
a ruined soil with seedlings grown on the rich humus 
soil of a forest, and under the protection of their 
parent trees. The Deoddr requires only a very thin 
layer of good soil, and keeps its roots always near 
the surface. In a natural forest the roots of a plant 
in its fourth year reach rarely deeper down than I 
foot or 18 inches. 
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I give here sketches taken in the forest of the 
young tree from its first to its third year, together 
with the measurement. 
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cutting is required before the seedlings can strike 
root. The cutting for germination must be lenient, 
as the seed germinates as soon as a little light has been 
let into the forest. The Forester must now carefully 
watch the forest imder reproduction. The trees must 
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hardier, and does not require the same amount of 
protection. The forest plant is quite useless for 
open positions if not artificially protected against sun 
and frost. The best age for transplanting is in the 
third year, virhen the plants have reached a height 
of 12 — 18 inches. They can be transplanted either 
during November, or March and April. Eain trans « 
plants will also succeed. 

The greatest care must be taken not to injure 
the tips of the tender roots token the seedling is taken 
out, transported, or planted. It can be transplanted 
either virith or without earth. The best distance for 
an unmixedDeodar plantationis three feet (horizontal 
measurement ), but this distance may be greater if, 
on account of the scarcity of Deoddr plants, seedlings 
of Abies Smithiana and Picea Webbiana are inter- 
mixed. 

If we cultivate deteriorated soils, or more so 
grass blanks, the young plants must be manured. A 
few handfuls of good humus will often secure the 
whole success of a cultivation. The plants will also 
benefit by a jv^otection overhead. Shrubs are tied 
together and put over them in form of an inverted 
hilta. This protection should be put on when the 
rains cease, and removed the following spring. 

Nurseries, 

NuTierics. A nursery should be on a rich soil of decom- 

posed gneiss or lime-stone intermixed with humus. 
In Chapter I, the fullest instructions for the estab- 
lishment of nurseries will be found. The soil must 
be worked 12 to 18 inches deep, hoed, raked, and, 
if necessary, manured. 

The seed may be sown either in autumn or 
spring ; but as the preservation of the exceedingly 
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oily seed is very difficult, autumn sowings are, as a 
rule, preferred. The seed should be sown in drills 
about 12 inches apart. The sowing board should bo 
used for this purpose. Success will be more certain 
if the nursery beds are covered with moss and 
branches till the next spring. 

General reinai^. 

All eflfbrts should be made to grow the Deoddr General remarks, 
nearer our markets, close to the river banks, and 
on hills nearer the plains. The Deodar will thrive 
at a much lower elevation than we find it now, 
though for physiological reasons I doubt if the 
timber would turn out so well. 

In Abbottdbad a number of Deodar a were 
planted five years ago by Captain Ommanny, one of 
the best and most active district arboriculturists, and 
they are now 12 feet high, and grow rapidly. 

PiNUS EXCELSA. 

This tree, next to the Deoddr, is the best timber 
tree in our Himalayas, and thrives from 5,000 to 
11,000 feet. It grows to a considerable size, prefers 
good forest soil, but thrives, even as a young plant, 
on worse soil than the Deoddr. We do not 
often find the tree in pure forests, but mixed with 
Cedrus Deodara, Abies Smithiana, and Picea 
Webbiana, 

Natural reproduction. 
When the tree is intermixed with Deoddr, we Natural repro* 
must cut as though we had to deal with a pure 
Deoddr forest ; but in pure Pinus excelsa forests, or 
where it is intermixed with Picea Webbiana and 
Abies Smithiana, the cuttings must be more severe, 
as the seedling requires a greater amount of light 
than the young Deoddr. 
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A rtijicia I ctdtiva tion. 
Artificial ciii- The Seed ripens in autumn, and can be preserved 

tivation. , * » r 

in the cone. 

It may be sown in the open^ on strips, or 
places, but requires a good humus soil, and will 
succeed whether sown in autumn or spring. The 
safer method, however, is to transplant seedlings 
reared in a nursery. They are not so susceptible 
to the evil effects of an exposed position, but the 
same precautions must be taken as with Deod&r 
planting. 

Pinus excelsa nurseries are treated exactly like 
those of Deodar. It should never be artificially 
cultivated as a pure forest, but as an interniixture 
of Deodar, planted at 6 feet quincunx, it is very- 
valuable. All these intermixture® will end, of 
course, in a nearly pure Deoddr forest. 

Abies Smithiana. 

This tree grows in most parts of the Panjdl> 
Himalayas between 5,000 and 10,000 feet. It 
attains a large size, and though it is at present not 
highly valued, will, without doubt, yield excellent 
timber when impregnated. It thrives best on a 
humus soil, but is satisfied with a poorer soil, and 
reproduces naturally in clumps even on deteriorated 
soil and grass blanks. For this reason it is the best 
tree to re-stock ruined forest ground by intermij^ing 
it with the artificial Deodar cultivation. 

Natural reproduction. 

Natural repro- The Tulcs are the same as for the Deoddr. Only 

auction. ^j^^ cutting must be more severe, as the young 

plant does not stand the same amount of shade. 
We must, however, bear in mind that in a mixed 
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forest the cuttings must be executed to suit the 
requirements of the Deoddr. 

Artijicial cultivation. 

The seed ripens in autumn, but remains for Artificial cuiti^ 
some time in the cone, in which it may be preserved ^*^ ^^"' 
if the cone is picked before the seed has fallen out. 

Sowings can be executed in spring or in 
autumn on good, rich forest soil. Like the Deodar 
it should be grown in nurseries, and transplanted 
during the spring^ or autumn. Transplants out of 
the forest are hardier than those of the Deodar ; 
but as we cultivate the Abies Smithiana only 
artificially, as a protection for the Deodar on 
inferior soil and exposed positions, nursery plants 
ai'e preferable. 

PiCEA Webbiana. 

This tree grows all over our Panjab Himalayas 
from 5,500 to 10,000 feet. We find it in pure forests 
and intermixed with Abies Smithiana, n.ear the 
highest belt of arboreous vegetation. The wood is 
not without value as timber, but will improve by 
impregnation. 

Natural reproduction. 

The cuttings for reproduction may be more Natural repro- 
lenient than the Abies Smithiana cuttings and the ^^^^^^"• 
young seedlings require as much shade as those of 
the Deodar. 

Artificial cultivation. 

If the same precautions are observed as with Artificial cuiti 
the Deoddr, the cultivation is sure to succeed. The ^* ^^"' 
natural seedling stands transplanting better than 
that of the Cedar. In all higher altitudes the 

T 
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intermixture of this tree is advisable for the protection 
of the Deodar. 

PiNUS LONGIFOLIA. 

This pine is satisfied with the poorest soil. It 
grows all through the Siwaliks from 2,000 to 6,000 
feet, Its timber has the greatest carrying power 
of all the Panjab conifers; the roots yield tar 
and turpentine ; it has the great advantage to grow 
nearer our markets than any other hill tree. I 
am convinced that this tree will yield the greatest 
net money return when we oiice begin to impregnate 
with kreosotic fluids. Satisfied with very poor soil 
its open and wide-spread growth does not tend to 
improve the soil ; and fires which occur frequently 
and spread rapidly over the ground covered with 
dry resinous leaves and twigs, destroy often the little 
humus which has formed. 

Natural reproduction and Artificial cultivation. 
Forest trees. The Piuus longfifolia forcst reproduces from 

Natural repro- i./»i -iii • ^ 

ductipn and Arti- sccd if ouly stnctly guarded against cattle, and more 

iicial cultivation. • , n a ii i* n -Ti 

SO against fires. An abundance oi flowers indicate 
a seed-year, 1 4 months before the seed ripens. The 
forest on the area to be reproduced should then be 
cut down, with the exception of some 8 or 10 good, 
healthly seed trees per acre. 

Before the shedding of seed in April, all bushes 
should be dug out, all stocks removed, as well as 
plots of suppressed young growth, which, unlike the 
Deod6,r, never recovers. The soil should be worked 
on seed places with hoe and rake. These severe 
cuttings should only be executed when a seed-year 
is expected. Should this fail, for some unforeseen 
reason, seed must be sown over the area before the 
rains sat in. It ripens in October, but the cones 
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only open in April and May. The best time to 
collect seed is to pick the cones from December till 
March. Really good seed years are rare, but there 
is no doubt that the constant occurrence of «uch 
failures is due to the frequent forest fires and other 
misuses of the forest. After the cones have been 
gathered, they must be put under shelter till April 
or May. The cone is then exposed to the sun till it 
opens, and the seed is shaken out. The cone is then 
pressed in a cone-cracker made of wood, in the 
shape of a big nut-cracker, with handles three to 
four feet long, one of which is fixed to the 
ground. The seed which did not all fall out of the 
cone of its own accord is then picked out. The 
clean seed has to be kept in a cool, airy place to 
prevent heating. 

The seed must be sown either in the beginning 
of March, when it will gerniinate during the spring 
rains, or before the rains begin. The spring sowing 
often dries up in the hot months of May and June. 
The seed is but thinly covered with earth, even 
on the lightest soil not more than \ of an inch. 
Nurseries are laid out on somewhat poor 
humus soil, and the ground is prepared not 
more than 12 inches deep, and the seed is sown 
in March or in the beginning of the rains. 
Twenty-five seers of seed are required per acre. 

The seedlings can be transplanted as yearlings 
or as plants two years old ; but to ensure success they 
must be planted with the earth around their roots. 

Amongst all our coniferous trees the Chil 
alone grows a tap-root in its early youth, and care 
must be taken not to injure it when the seedling is 
taken out, which is best done with the hollow spade. 
The season for transplanting is during the spring or 
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The Pistacia integine, " Kakar, " grows in our 
hills between 1,500 and 5,000 feet, and should be 
largely cultivated. 

Next in value comes the Fraxinns. It grows 
from 4,000 to 18,500 feet, and I recommend its 
cultivation. It thrives, however, only on the best 
description of soiL 

Acei^ and UlmiiSj too should be intermixed, and 
the artificial cultivation of oak trees, especially of 
Quercus incana and Qiiercus ilex, will facilitate the 
tecultivation of arid grass blanks with the Deodd^r. 
The safest method is transplanting, and the re-stock- 
ing of such arid places is well worth the outlay. 

Nurseries should be sown in March, and 
seedlings put in planting nurseries 1 8 months later, 
and the tap-root be cut at the same time. After 
a lapse of two years they can be transplanted into 
the open. Under favorable conditions a dibbling 
of seed in prepared places will suceed. 

Foreign tree^. 

As regards foreign trees, the best method is Foreign treeg. 
always to sow the seeds in boxes filled with a mild, 
rich forest soil, and to water them with watering 
pots, till they have reached the height of about 
two inches. They are then separated and planted 
into single pots, and put out into the open on places 
well manured with humus. 

As a rule, forest plants prefer a light, loam soil ; 
poor or binding soils must be enriched or 
loosened with humus or ashes. 

Gmelina arborea can be grown in the plains, 
but must be protected against frost. 
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Some species of Eucalyptus will, with care, 
grow in the plains, but their roots and stock must 
be protected against the hot-weathf*.r sun. They 
grow better if richly manured with ashes, or even 
animal manure. If the soil is binding, it must be 
loosened round the stem. On good, moist soil, just 
below, or in the low hills, they grow rapidly without 
these precautions. 

Castanea vera should be grown on a good 
fresh humus soil in the hills and in a sheltered 
position. The young seedlings must for years be 
protected against frost. If once established, the 
tree is easily contented as regards soiL 

Casicarina grows well in the plains on light 
soil. 
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